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CHAPTER 22 



TREATMENT OF CENTRAL 

NERVOUS SYSTEM 
DEGENERATIVE DISORDERS 

David G. Standaert and Anne B, Young 

The neurodegenerative diseases include common and debilitating disorders such as Parkin- 
son's disease, Alzheimer's disease, Huntington's disease, and amyotrophic lateral sclero- 
sis (ALS). Although the clinical and neuropathological aspects of these disorders are dis- 
tinct, their unifying feature is that each disorder has a characteristic pattern of neuronal 
degeneration in anatomically or fimctionally related regions. 

Presently available pharmacological treatments for the neurodegenerative disorders 
are symptomatic and do not alter the course or progression of the underlying disease. The 
most effective symptomatic therapies are those for Parkinson 's disease; a large number 
of agents from several different pharmacological classes can be used, and, when skillfully 
applied, these can have a dramatic impact on life span and functional ability. The treat- 
ments available for Alzheimer's disease, Huntington's disease, and ALS are less satisfac- 
tory but still can make an important contribution to patient welfare. 

This chapter reviews current therapeutic agents for treatment of the symptoms of neu- 
rodegenerative diseases and introduces the reader to research aimed at developing ther- 
apeutic agents that alter the course of neurodegenerative diseases by preventing neuronal 
death or stimulating neuronal recovery. Related material concerning the serotonergic ef- 
fects of some of the therapeutic agents employed for Parkinson's disease can be found in 
Chapter II, and additional information concerning cholinergic agents that are used in 
treatment of Alzheimer's disease can be found in Chapters 7 and 8. 



Neurodegenerative disorders are characterized by progres- 
sive and irreversible loss of neurons from specific regions 
of the brain. Prototypical neurodegenerative disorders in- 
clude Parkinson*s disease (PD) and Huntington's disease 
(HD), where loss of neurons from structures of the basal 
ganglia results in abnormalities in the control of movement; 
Alzheimer's disease (AD), where the loss of hippocampal 
and cortical neurons leads to impairment of memory and 
cognitive ability; and amyotrophic lateral sclerosis (ALS), 
where muscular weakness results from the degeneration of 
spinal, bulbar, and cortical motor neurons. As a group, these 
disorders are relatively common and represent a substantial 
medical and societal problem. They are primarily disorders 
of later life, developing in individuals who are neurologi- 
cally normal, although childhood-onset forms of each of 
the disorders are recognized. PD is observed in more than 



1% of individuals over the age of 65 (Tanner, 1992), 
whereas AD affects as much as 10% of the same popula- 
tion (Evans et al„ 1989). HD, which is a genetically deter- 
mined autosomal dominant disorder, is less frequent in the 
population as a whole. ALS also is relatively rare, but of- 
ten leads rapidly to disability and death (Kurtzke, 1982), 
At present the pharmacological therapy of neurode- 
generadve disorders is limited to symptomatic treatments 
that do not alter the course of the underlying disease. 
Symptomatic treatment for PD, where the neurochemical 
deficit produced by the disease is well defined, is in gen- 
eral relatively successful, and a number of effective agents 
are available (Calne, 1993; Standaert and Stem, 1993). The 
available treatments for AD, HD, and ALS are much more 
limited in effectiveness, and the need for new strategies is 
particularly acute. 
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SELECTIVE VULNERABILITY 
AND NEUROPROTECTIVE 
STRATEGIES 

Selective Vulnerability. The most striking feature of this 
group of disorders is the exquisite specificity of the dis- 
ease processes for particular types of neurons. For exam- 
ple, in PD there is extensive destruction of the dopamin- 
ergic neurons of the substantia nigra, while neurons in the 
cortex and many other ai'eas of the brain are unaffected 
(Gibb, 1992; Feamley and Lees, 1994). In contrast, neural 
injury in AD is most severe in the hippocampus and neo- 
cortex, and even within the cortex, the loss of neurons is 
not uniform but varies dramatically in different functional 
regions (Arnold et ai, 1991). Even more striking is the ob- 
servation that, in HD, the mutant gene responsible for the 
disorder is expressed throughout the brain and in many 
other organs, yet the pathological changes are largely re- 
stricted to the neostriatum (Vonsattel et al„ 1985; 
Landwehrmeyer et ai, 1994), In ALS, there is loss of spinal 
motor neurons and the cortical neurons that provide their 
descending input (Tandan and Bradley, 1985), The diver- 
sity of these patterns of neural degeneration has led to the 
proposal that the process of neural injury must be viewed 
as the interaction of genetic and environmental influences 
with the intrinsic physiological characteristics of the af- 
fected populations of neurons. These intrinsic factors may 
include susceptibility to excitotoxic injury, regional varia- 
tion in capacity for oxidative metabolism, and the produc- 
tion of toxic free radicals as products of cellular metabo- 
lism (Figure 22-1). The factors that convey selective 
vulnerability may prove to be important targets for neuro- 
protective agents to slow the progression of neurodegen- 
erative disorders. 

Genetics and Environment. It long has been suspected 
that genetic predisposition plays an important role in the 
etiology of neurodegenerative disorders; this is certainly 
true for HD, which is transmitted by autosomal dominant 
inheritance. Families with a high incidence of PD, AD, or 
ALS also are well documented, yet manifestly familial 
cases constitute only a tiny fraction of the population of 
patients affected. A more subtle genetic influence, in the 
form of an inherited predisposition to neuronal injury that 
leads to the development of the disorder in response to par- 
ticular environmental triggers, also may be active in these 
disorders (Golbe, 1990). 

Infectious agents and environmental toxins also have 
been proposed as etiologic agents for neurodegenerative 
disorders. The role of infection is best documented in the 
numerous cases of PD that developed following the epi- 




Figure 22-1, Mechanisms of selective neuronal vulnerability 
in neurodegenerative diseases. 



demic of encephalitis lethargica in the late 1910s; however, 
most contemporary cases of PD are not preceded by en- 
cephalitis, and there is no convincing evidence for an in- 
fectious contribution to the development of AD, HD, or 
ALS. At least one toxin, N-methyl-4-pheny 1-1, 2,3,6- 
tetrahydropyridine (MPTP; discussed below), can induce 
a condition closely resembling PD, but evidence for the 
widespread occurrence of this or a similar toxin in the en- 
vironment is lacking (Tanner and Langston, 1990). 

Excitotoxicity, The term excitotoxicity was coined by 
Olney (1969) to describe the neural injury that results from 
the presence of excess glutamate in the brain. Glutamate 
is used as a neurotransmitter by many different neural sys- 
tems and is believed to mediate most excitatory synaptic 
transmission in the mammalian brain. Although glutamate 
is required for normal brain function, the presence of ex- 
cessive amounts of glutamate can lead to excitotoxic cell 
death (Lipton and Rosenberg, 1994). The destructive ef- 
fects of glutamate are mediated by glutamate receptors, 
particularly those of the N-methyl-D-aspartate (NMDA) 
type. Unlike other glutamate-gated ion channels, which pri- 
marily regulate the flow of Na"*", activated NMDA recep- 
tor-channels allow an influx of Ca^"'', which in excess can 
activate a variety of potentially destructive processes. The 
activity of NMDA receptor-channels is regulated not only 
by the concentration of glutamate in the synaptic space, 
but also by a voltage-dependent blockade of the channel 
by Mg^"^; thus, entry of Ca^"^ into neurons through NMDA 
receptor-channels requires binding of glutamate to NMDA 
receptors as well as depolarization of the neuron {e,g,, by 
the activity of glutamate at non-NMDA receptors), which 
relieves the blockade of NMDA channels by extracellular 
Mg^"^. Excitotoxic injury is thought to make an important 
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contribution to the neural death that occurs in acute 
processes such as stroke and head trauma (Choi and Roth- 
man, 1990). In the chronic neurodegenerative disorders, 
the role of excitotoxicity is less certain, but it is thought 
that regional and cellular differences in susceptibility to 
excitotoxic injury, conveyed, for example, by differences 
in types of glutamate receptors, may contribute to selec- 
tive vulnerability (Young, 1993). 

Energy, Metabolism, and Aging. The excitotoxic hy- 
pothesis provides a link between selective patterns of neu- 
ronal injury, the effects of aging, and observations on the 
metabolic capacities of neurons (Beal et al, 1993). Since 
the ability of Mg-"^ to block the NMD A receptor-channel is 
dependent on the membrane potential, disturbances that im- 
pair the metabolic capacity of neurons will tend to relieve 
Mg-^"^ blockade and predispose to excitotoxic injury. The ca- 
pacity of neurons for oxidative metabolism declines pro- 
gressively with age, perhaps in part because of a progres- 
sive accumulation of mutations in the mitochondrial genome 
(Wallace, 1992). Patients with PD exhibit several defects in 
energy metabolism which are even greater than expected for 
their age, most notably a reduction in the function of Com- 
plex I of the mitochondrial electron transport chain (Schapira 
et ai, 1990). Additional evidence for the role of metabolic 
defects in the etiology of neural degeneration comes from 
the study of patients who inadvertently self-administered 
MPTP, a ''designer drug" that resulted in symptoms of se- 
vere and irreversible parkinsonism (Ballard et ai, 1985). 
Subsequent studies have shown that a metabolite of MPTP 
induces degeneration of neurons similar to that observed in 
idiopathic PD and that its mechanism of action appears to 
be related to an ability to impair mitochondrial energy me- 
tabolism in dopaminergic neurons (Tipton and Singer, 
1993). In rodents, neural degeneration similar to that ob- 
served in HD can be produced either by direct administra- 
tion of large doses of NMDA receptor agonists or by more 
chronic administration of inhibitors of mitochondrial oxida- 
tive metabolism, suggesting that disturbances of energy me- 
tabolism may underiie the selective pathology of HD as well 
(Beal et ai, 1986; Beal et aL, 1993). 

Oxidative Stress. Although neurons depend on oxida- 
tive metabolism for survival, a consequence of this process 
is the production of reactive compounds such as hydrogen 
peroxide and oxyradicals (Cohen and Werner, 1994). 
Unchecked, these reactive species can lead to DNA dam- 
age, peroxidation of membrane lipids, and neuronal death. 
Several mechanisms serve to limit this oxidative stress, in- 
cluding the presence of reducing compounds such as ascor- 
bate and glutathione and enzymatic mechanisms such as 



superoxide dismutase, which catalyzes the reduction of su- 
peroxide radicals. Oxidative stress also may be relieved by 
aminosteroid agents that serve as free radical scavengers 
{see Chapter 59). Recent genetic evidence has linked dis- 
turbances in the metabolism of oxyradicals by superoxide 
dismutase to the etiology of ALS (reviewed below). In PD, 
attention has been focused on the possibility that oxidative 
stress induced by the metabolism of dopamine may un- 
derlie the selective vulnerability of dopaminergic neurons 
observed in PD (Fahn and Cohen, 1992). The primary cata- 
bolic pathway of dopamine to 3,4-dihydroxyphenylacetic 
acid (DOPAC) is catalyzed by monoamine oxidase (MAO) 
and generates hydrogen peroxide. Hydrogen peroxide, in 
the presence of ferrous ion, which is relatively abundant 
in the basal ganglia, may generate hydroxyl free radicals 
(the Fenton reaction, Figure 22-2; Olanow, 1990). If the 
protective mechanisms are inadequate because of inherited 
or acquired deficiency, the oxyradicals could cause de- 
generation of dopaminergic neurons. Supporting this pro- 
posal is the observation of increased lipid hydroperoxides 
in the substantia nigra in PD (Jenner, 1991). This hypoth- 
esis has led to several proposals for therapeutic agents to 
retard neuronal loss in PD, Two candidates, the free radi- 
cal scavenger tocopherol (vitamin E), and the MAO in- 
hibitor selegiline (discussed below), have been tested in a 
large-scale clinical trial, but neither was shown to have a 
substantial neuroprotective effect (Parkinson's Study 
Group, 1993). 



DA + O2 + H2O 



C^AC t NH3 + H2O2 



Figure 22-2: PrQ^tion of free radicals by the metabolism of 
dopamine (DA% 

DA is converted by monamine oxidase (MAO) and aldehyde 
dehydrogenase to 3,4-dihydroxyphenylacetic acid (DOPAC), 
producing hydrogen peroxide (H2O2). In the presence of fer- 
rous iron, H2O2 undergoes spontaneous conversion, forming 
a hydroxyl free radical (the Fenton reaction). 
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PARKINSON'S DISEASE 

Clinical Overview. Parkinsonism is a clinical syndrome 
comprising four cardinal features: bradykinesia (slowness 
and poverty of movement), muscular rigidity, resting 
tremor (which usually abates during voluntary movement), 
and an impairment of postural balance leading to distur- 
bances of gait and falling. The most common cause of 
parkinsonism is idiopathic PD, first described by James 
Parkinson in 1817 as paralysis agitans, or the "shaking 
palsy." The pathological hallmark of PD is a loss of the 
pigmented, dopaminergic neurons of the substantia nigra 
pars compacta, with the appearance of intracellular inclu- 
sions known as Lewy bodies (Gibb, 1992; Fearnley and 
Lees, 1994). Progressive loss of dopamine neurons is a fea- 
ture of normal aging; however, most people do not lose the 
80% to 90% of dopaminergic neurons required to cause 
symptomatic PD. Without treatment, PD progresses over 
5 to 10 years to a rigid, akinetic state in which patients are 
incapable of caring for themselves. Death frequently re- 
sults from complications of immobility, including aspira- 
tion pneumonia or pulmonary embolism. The availability 
of effective pharmacological treatment has altered radically 
the prognosis of PD; in most cases, good functional mo- 
bility can be maintained for many years, and the life ex- 
pectancy of adequately treated patients is substantially in- 
creased (Diamond et al, 1987). It is important to recognize 
that several disorders other than PD also may produce 
parkinsonism, including some relatively rare neurodegen- 
erative disorders, stroke, and intoxication with dopamine 
receptor-blocking drugs. Drugs in common clinical use that 
may cause parkinsonism include antipsychotics such as 
haloperidol and thorazine {see Chapter 1 8) and antiemet- 
ics such as prochlorperazine and metoclopramide {see 
Chapter 38). Although a complete discussion of the clini- 
cal diagnostic approach to parkinsonism exceeds the scope 
of this chapter, the distinction between PD and other causes 
of parkinsonism is important, because parkinsonism aris- 
ing from other causes is usually refractory to all forms of 
treatment. 

Parkinson's Disease: Pathophysiology. The primary 
deficit in PD is a loss of the neurons in the substantia ni- 
gra pars compacta which provide dopaminergic innerva- 
tion to the striatum (caudate and putamen). The current un- 
derstanding of the pathophysiology of PD can be traced to 
the classical neurochemical investigations in the 1950s and 
1960s, in which a more than 80% reduction in the striatal 
dopamine content was demonstrated. This parallelled the 
loss of neurons from the substantia nigra, suggesting that 
replacement of dopamine could restore function (Cotzias 



et al, 1969; Hornykiewicz, 1973). These fundamental ob- 
servations led to an extensive investigative effort to un- 
derstand the metabolism and actions of dopamine and to 
learn how a deficit in dopamine gives rise to the clinical 
features of PD. This effort led to a current model of the 
function of the basal ganglia that admittedly is incomplete 
but is still useful. 

Biosynthesis of Dopamine. Dopamine, a catecholamine, is syn- 
thesized in the terminals of dopaminergic neurons from tyrosine, 
which is transported across the blood-brain barrier by an active 
process (Figures 22-3 and 22-4). The rate-limiting step in the syn- 
thesis of dopamine is the conversion of L-tyrosine to L-dihydroxy- 
phenylalanine (l-DOPA), catalyzed by the enzyme tyrosine hy- 
droxylase which is present within catecholaminergic neurons. 




PRESYNAPTIC 
TERMINAL 



= Transporter 



Effector 
Response 



POSTSYNAPTIC 

TERMINAL 

Expressing EITHER 
D1 or D2 receptors 



Figure 22-3. Dopaminergic terminal 



Dopamine (DA) is synthesized within neuronal terminals 
from the precursor tyrosine by the sequential actions of the 
enzymes tyrosine hydroxylase, producing the intermediary 
L-dihydroxyphenylalanine (DOFA), and aromatic L-amino 
acid decarboxylase. In the terminal, dopamine is transported 
into storage vesicles by a transporter protein (T) associated 
with the vesicular membrane. Release, triggered by depo- 
larization and entry of Ca^"^, allows dopamine to act on post- 
synaptic dopamine receptors (DAR); as discussed in the text, 
several distinct types of dopamine receptors are present in 
the brain, and the differential actions of dopamine on post- 
synaptic targets bearing different types of dopamine recep- 
tors have important implications for the function of neural 
circuits. The actions of dopamine are terminated by the se- 
quential actions of the enzymes catechol-O-methyl-trans- 
ferase (COMT) and monoamine oxidase (MAO), or by 
reuptake of dopamine into the terminal. 
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Figure 22-4. Metabolism oflevodopa (l-DOPA). 

AD, aldehyde dehydrogenase; COMT, catechol-O-methyl 
transferase; D^H, dopamine ^-hydroxylase; AAD, aro- 
matic L-amino acid decarboxylase; MAO, monoamine ox- 
idase. 



L-DOPA is converted rapidly to dopamine by aromatic L-amino acid 
decarboxylase. In dopaminergic ner^e terminals, dopamine is taken 
up into vesicles by a transporter protein; this process is. blocked by 
reserpine, which leads to depletion of dopamine. Release of dopamine 
from nerve terminals occurs through exocytosis of presynaptic vesi- 



cles, a process that is triggered by depolarization leading to entry of 
Ca2+. Once dopamine is in the synaptic cleft, its actions may be ter- 
minated by reuptake through a membrane carrier protein, a process 
antagonized by drugs such as cocaine. Alternatively, dopamine can 
be degraded by the sequential actions of monoamine oxidase (MAO) 
and catechol-0-methyI transferase (COMT) to yield two metabolic 
products, 3,4-dihydroxyphenylacetic acid (DOPAC) and 3-methoxy- 
4-hydroxyphenylacetic acid (HVA; see Chapter 12). In human be- 
ings, HVA is the primary product of the metabolism of dopamine 
(Cooper etai, 1991). 

Dopamine Receptors. The actions of dopamine in the brain are 
mediated by. a family of dopamine receptor proteins (Figure 22-5). 
Two types of dopamine receptors were identified in the mammalian 
brain using pharmacological techniques: Dl receptors, which stimu- 
late the synthesis of the intracellular second messenger cyclic AMP, 
and D2 receptors, which inhibit cyclic AMP synthesis. The recent 
appUcation of molecular genetics to the study of dopamine receptors 
has provided a wealth of information regarding the structures of these 
proteins and has revealed a more complex receptor situation than 
originally envisioned. At present, five distinct dopamine receptors are 
known to exist {see Jarvie and Caron, 1993, and Chapter 12). The 
dopamine receptors share several structural features, including the 
presence of seven a-helical segments capable of spanning the cell 
membrane. This structure identifies the dopamine receptors as mem- 
bers of the larger superfamily of seven-transmembrane-region re- 
ceptor proteins, which includes other imponant neural receptors such 
as ^-adrenergic receptors, olfactory receptors, and the visual pigment 
rhodopsin. All members of this superfamily act through guanine nu- 
cleotide-binding proteins (G proteins; see Chapter 2). 

The five dopamine receptors can be divided into two groups on 
the basis of their pharmacological and structural properties (Figure 
22-5). The Dl and D5 proteins have a long intracellular. carboxy-ter- 
minal tail and are members of the pharmacologically defined Dl 
class; they stimulate the formation of cyclic AMP and phosphatidyl 



Figure 22-5, Distribution and 
characteristics of dopamine re- 
ceptors, 

SNpc, substantia nigra pars com- 
pacta; cAMP, cyclic AMP; "i^, volt- 
age. 
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inositol hydrolysis. The D2, D3, and D4 receptors share a large third 
intracellular loop and are of the D2 class. They decrease cyclic AMP 
formation and modulate K"*" and Ca^+ currents. Each of the five 
dopamine receptor proteins has a distinct anatomical pattern of ex- 
pression in the brain. The Dl and D2 proteins are abundant in the 
striatum and are the most important receptor sites with regard to the 
causes and treatment of PD. The D4 and D5 proteins are largely ex- 
trastriatal, while D3 expression is low in the caudate and putamen 
but more abundant in the nucleus accumbens and olfactory tubercle. 

Neural Mechanism of Parkinsonism. Considerable effort has 
been devoted in recent years to understanding how the loss of 
dopaminergic input to the neurons of the neostriatum gives rise to 
the clinical features of PD (for review see Albin et al., 1989; Mink 
and Thach, 1993; and Wichmann and DeLong, 1993). The basal gan- 
glia can be viewed as a modulatory side loop that regulates the flow 
of information from the cerebral cortex to the motor neurons of the 
spinal cord (Figure 22-6). The neostriatum is the principal input 
structure of the basal ganglia and receives excitatory glutamatergic 
input from many areas of the conex. The majority of neurons within 
the striatum are projection neurons that innervate other basal ganglia 
structures. A small but important subgroup of striatal neurons are in- 
temeurons that interconnect neurons within the striatum but do not 
project beyond its borders. Acetylcholine as well as neuropeptides 
are used as transmitters by the striatal intemeurons. The outflow of 
the striatum proceeds along two distinct routes, identified as the di- 
rect and indirect pathways. The direct pathway is formed by neurons 
in the striatum that project directly to the output stages of the basal 
ganglia, the substantia nigra pars reticulata (SNpr) and the medial 
globus pallidas (MGP); these in turn relay to the ventroanterior and 
ventrolateral thalamus, which provides excitatory input to the cortex. 
The neurotransmitter of both links of the direct pathway is gamma- 
aminobutyric acid (GABA), which is inhibitory, so that the net ef- 
fect of stimulation of the direct pathway at the level of the striatum 
is to increase the excitatory outflow from the thalamus to the cortex. 
The indirect pathway is composed of striatal neurons that project to 
the lateral globus pallidus (LOP). This structure in turn innervates 
the subthalamic nucleus (STN), which provides outflow to the SNpr 
and MGP output stage. As in the direct pathway, the first two links, 
the projections from striatum to LOP and LGP to STN, use the in- 
hibitory transmitter GABA; however, the final link, the projection 
from STN to SNpr and MGP, is an excitatory glutamatergic pathway. 
Thus the net effect of stimulating the indirect pathway at the level of 
the striatum is to reduce the excitatory outflow from the thalamus to 
the cerebral cortex. 

The key feature of this model of basal ganglia function, which 
accounts for the symptoms observed in PD as a result of loss of 
dopaminergic neurons, is the differential effect of dopamine on the 
direct and indirect pathways (Figure 22-7). The dopaminergic neu- 
rons of the substantia nigra pars compacta (SNpc) inneirate all parts 
of the striatum; however, the target striatal neurons express distinct 
types of dopamine receptors. The striatal neurons giving rise to the 
direct pathway express primarily the excitatory Dl dopamine recep- 
tor protein, while the striatal neurons forming the indirect pathway 
express primarily the inhibitory D2 type. Thus, dopamine released in 
the striatum tends to increase the activity of the direct pathway and 
reduce the activity of the indirect pathway, whereas the depletion that 
occurs in PD has the opposite effect. The net effect of the reduced 
dopaminergic input in PD is to markedly increase the inhibitory out- 
flow from the SNpr and MGP to the thalamus and reduce excitation 
of the motor cortex. 



Cerebral Cortex 




glutamate excitatory 
GABA inhibitory 
dopamine 



Figure 22-6, Schematic wiring diagram of the basal ganglia. 

The neostriatum (STR) is the principal input structure of 
the basal ganglia and receives excitatory, glutamatergic in- 
put from many areas of cerebral cortex. Outflow from the 
STR proceeds along two routes. The direct pathway, from 
the STR to the substantia nigra pars reticulata (SNpr) and 
medial globus pallidus (MGP), uses the inhibitory 
tramsmitter GABA. The indirect pathway, from the STR 
through the lateral globus pallidus (LGP) and the subthal- 
amic nucleus (STN) to the SNpr and MGP consists of two 
inhibitory, GABAergic links and one excitatory, gluta- 
matergic projection. The substantia nigra pars compacta 
(SNpc) provides dopaminergic innervation to the striatal 
neurons giving rise to both the direct and indirect path- 
ways, and regulates the relative activity of these two paths. 
The SNpr and MGP are the output structures of the basal 
ganglia, and provide feedback to the cerebral cortex 
through the ventroanterior and ventrolateral nuclei of the 
thalamus (VAA^L). 



This model of basal ganglia function has important implications 
for the rational design and use of pharmacological agents in PD. First, 
it suggests that to restore the balance of the system through stimu- 
lation of dopamine receptors, the complementary effect of actions at 
both Dl and D2 receptors, as well as the possibility of adverse ef- 
fects which may be mediated by D3. D4, or D5 receptors, must be 
considered. Second, it explains why replacement of dopamine is not 
the only approach to the treatment of PD. Drugs that inhibit cholin- 
ergic receptors long have been used for treatment of parkinsonism. 
Although their mechanisms of action are not completely understood, 
it seems likely that their effect is mediated at the level of the striatal 
projection neurons which normally receive cholinergic input from 
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Figure 22-7, The basal ganglia in Parkinson's disease (PD), 

The primary defect is destruction of the dopaminergic neurons of the 
SNpc. The striatal neurons which form the direct pathway from the 
STR to the SNpr and MGP express primarily the excitatory DI 
dopamine receptor, while the striatal neurons which project to the LOP 
and form the indirect pathway express the inhibitory D2 dopamine 
receptor. Thus, loss of the dopaminergic input to the striatum has a 
differential effect on the two outflow pathways; the direct pathway 
to the SNpr and MGP is less active, while the activity in the indirect 
pathway is increased. The net effect is that neurons in the SNpr and 
MGP become more active. This leads to increased inhibition of the 
VAA^L thalamus and reduced excitatory input to the cortex. Thin 
line, normal pathway activity; thick line, increased pathway activity 
in PD; dashed line, reduced pathway activity in PD. {See legend to 
Figure 22-6 for definitions of anatomical abbreviations.) 





glutamate excitatory 
GABA inhibitory 
-dopamine . 



striatal cholinergic intemeurons. No clinically useful drugs for 
parkinsonism are presently available based on actions through GABA 
and glutamate receptors, even though both have crucial roles in the 
circuitry of the basal ganglia. However, they represent a promising 
avenue for drug development (Greenamyre and O'Brien, 1991). 

Treatment of Parkinson's Disease 

Commonly used medications for the treatment of PD are 
summarized in Table 22-1. 



Levodopa. Levodopa (l-dopa, larodopa, dopar, l-3,4- 
dihydroxyphenylalanine), the metabolic precursor of 
dopamine, is the single most effective agent in the treat- 
ment of PD, Levodopa is itself largely inert; its therapeu- 
tic as well as adverse effects result from the decarboxyla- 
tion of levodopa to dopamine. When administered orally, 
levodopa is rapidly absorbed from the small bowel by an 
active transport system for aromatic amino acids. Concen- 
trations of the drug in plasma usually peak between 0.5 
and 2 hours after an oral dose. The half-life in plasma is 



Tabk* 22-1 
Drugs for Parkinson's Disease 



AGENT 



Carbidopa/levodopa 

Carbidopa/levodopa 
sustained release 

Pergolide 

Bromocriptine 

Selegiline 

Amantadine 

Trihexvnhenidvl HCl 



TYPICAL 


DAILY DOSE — 


INITIAL DOSE 


USEFUL RANGE 


25 to 100 mg twice a day 


200 to 1200 mg 


or three times a day 


levodopa 


50 to 200 mg 


200 to 1200 mg 


twice a day 


levodopa 


0.05 mg once a day 


0.75 to 5.0 mg 


L25 mg twice a day 


3.75 to 40 mg 


5.0 mg twice a day 


2.5 to 10 mg 


100 mg twice a day 


200 mg 


1 mg twice a day 


2 to 15 mg 



COMMENTS 



Bioavailability 759b 
of standard form 

Titrate slowly 

Titrate slowly 
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short (1 to 3 hours). The rate and extent of absorption of 
levodopa is dependent upon the rate of gastric emptying, 
the pH of gastric juice, and the length of time the drug is 
exposed to the degradative enzymes of the gastric and in- 
testinal mucosa. Competition for absorption sites in the 
small bowel from dietary amino acids also may have a 
marked effect on the absorption of levodopa; administra- 
tion of levodopa with meals delays absorption and reduces 
peak plasma concentrations. Entry of the drug into the cen- 
tral nervous system (CNS) across the blood-brain barrier 
also is an active process mediated by a carrier of aromatic 
amino acids, and competition between dietary protein and 
levodopa may occur at this level. In the brain, levodopa is 
converted to dopamine by decarboxylation, primarily 
within the presynaptic terminals of dopaminergic neurons 
in the striatum. The dopamine produced is responsible for 
the therapeutic effectiveness of the drug in PD; after re- 
lease, it is either transported back into dopaminergic ter- 
minals by the presynaptic uptake mechanism or metabo- 
lized by the actions of MAO and COMT (Mouradian and 
Chase, 1994). 

In modem practice, levodopa is almost always ad- 
ministered in combination with a peripherally acting in- 
hibitor of aromatic L-amino acid decarboxylase, such as 
carbidopa or benserazide. If levodopa is administered 
alone, the drug is largely decarboxylated by enzymes in 
the intestinal mucosa and other peripheral sites that are rich 
in MAO, so that relatively little unchanged drug reaches 
the cerebral circulation and probably less than 1% pene- 
trates the CNS. In addition, dopamine released into the cir- 
culation by peripheral conversion of levodopa produces un- 
desirable effects, particularly nausea. Inhibition of 
peripheral decarboxylase markedly increases the fraction 
of administered levodopa that remains unmetabolized and 
available to cross the blood-brain barrier and reduces the 
incidence of gastrointestinal side effects. In most individ- 
uals, a daily dose of 75 mg of carbidopa is sufficient to 
prevent the development of nausea. For this reason, the 
most commonly prescribed form of carbidopa/levodopa 
(siNEMET, atamet) is the 25/100 form, containing 25 mg 
of carbidopa and 100 mg of levodopa. With this formula- 
tion, dosage schedules of three or more tablets daily pro- 
vide acceptable inhibition of decarboxylase in most indi- 
viduals. Occasionally, individuals will require larger doses 
of carbidopa to minimize gasu-ointestinal side effects, and 
administration of supplemental carbidopa alone may be 
beneficial. 

Levodopa therapy can have a dramatic effect on all 
the signs and symptoms of PD. Early in the course of the 
disease, the degree of improvement in tremor, rigidity, and 
bradykinesia may be nearly complete. In early PD, the du- 



ration of the beneficial effects of levodopa may exceed the 
plasma lifetime of the drug, suggesting that the nigrostri- 
atal dopamine system retains some capacity to store and 
release dopamine. A principal limitation of the long-term 
use of levodopa therapy is that, with time, this apparent 
^'buffering" capacity is lost, and the patient's motor state 
may fluctuate dramatically widi each dose of levodopa. A 
common problem is the development of the "wearing off 
phenomenon; each dose of levodopa effectively improves 
mobility for a period of time, perhaps I to 2 hours, but 
rigidity and akinesia rapidly return at the end of the dos- 
ing interval. Increasing the dose and frequency of admin- 
istration can improve this situation, but this is often 
limited by development of dyskinesias, excessive and ab- 
normal involuntary movements. Dyskinesias are most of- 
ten observed when the plasma levodopa concentration is 
high, although in some individuals dyskinesias or dysto- 
nia may be triggered when the level is rising or falling. 
These movements can be as uncomfortable and disabling 
as the rigidity and akinesia of PD. In the later stages of 
PD, patients may fluctuate rapidly between being "off,*' 
having no beneficial effects from their medications, and 
being "on" but with disabling dyskinesias, a situation 
called the "on/off phenomenon." 

Recent evidence has indicated that the induction of on/off phe- 
nomena and dyskinesias may be the result of an active process of 
adaptation to variations in brain and plasma levodopa levels. This 
process of adaptation is apparently complex, involving not only al- 
terations in the expression of dopamine receptor proteins but also 
downstream changes in the postsynaptic striatal neurons (Mouradian 
and Chase, 1994). When levodopa levels are maintained at a constant 
level by intravenous infusion, dyskinesias and fluctuations are greatly 
reduced, and the clinical improvement is maintained for up to sev- 
eral days after returning to oral levodopa dosing (Mouradian et ai, 
1990; Chase, e/ ai, 1994). A sustained-release formulation consist- 
ing of carbidopa/levodopa in an erodable wax matrix (sinemet CR) 
has been marketed in an attempt to produce more stable plasma lev- 
odopa levels than can be obtained with oral administration of stan- 
dard carbidopa/levodopa formulations. This formulation is helpful in 
some cases, but the absorption of the sustained release formulation 
is not entirely predictable. Another technique used to overcome the 
on/off phenomenon is to sum the total daily dose of carbidopa/lev- 
odopa and give equal amounts every 2 hours rather than every 4 or 
6 hours. 

An important unanswered question regarding the use of lev- 
odopa in PD is whether this medication alters the course of the un- 
derlying disease or merely modifies the symptoms. Two aspects of 
levodopa treatment and the outcome of PD are of concern. First, it 
has been suggested that if the production of free radicals as a result 
of dopamine metabolism contributes to the death of nigrostriatal neu- 
rons, the addition of levodopa might actually accelerate the process 
(Olanow, 1990), although no convincing evidence for such an effect 
has yet been obtained. Second, it is well established that the unde- 
sirable on/off fluctuations and wearing off phenomena are observed 
almost exclusively in patients treated with levodopa, but it is not 
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known if delaying treatment with levodopa will delay the appearance 
of these effects. In view of these uncertainties, most practitioners 
have adopted a pragmatic approach, using levodopa only when the 
symptoms of PD cause functional impairment. 

In addition to motor fluctuations and nausea, several other ad- 
verse effects may be observed with levodopa treatment. A common 
and troubling adverse effect is the induction of hallucinations and 
confusion; these effects are particularly common in the elderly and 
in those with pre-existing cognitive dysfunction and often limit the 
ability to treat parkinsonian symptoms adequately. Conventional an- 
tipsychotic agents, such as the phenothiazines, are effective against 
levodopa-induced psychosis but may cause marked worsening of 
parkinsonism, probably through actions at the 02 dopamine recep- 
tor. A recent approach has been to use the atypical neuroleptic cloza- 
pine, which is effective in the treatment of psychosis but does not 
cause or worsen parkinsonism (Greene et ai. 1993). The mechanism 
of action of clozapine is not understood; it may have actions at re- 
ceptors for dopamine, acetylchohne, and serotonin {see Chapters 1 1 
and 12). 

Peripheral decarboxylation of levodopa and release of dopamine 
into the circulation may activate vascular dopamine receptors and 
produce orthostatic hypotension. The actions of dopamine at a and 
p adrenergic receptors may induce cardiac arrhythmias, especially in 
patients with pre-existing conduction disturbances. Administration of 
levodopa with nonspecific inhibitors of MAO, such as pargyline, 
markedly accentuates the actions of levodopa and may precipitate 
life-threatening hypertensive crisis and hyperpyrexia; nonspecific 
MAO inhibitors should always be discontinued at least 14 days be- 
fore levodopa is administered (note that this prohibition does not in- 
clude the MAO-B subtype-specific inhibitor selegiline, which, as dis- 
cussed below, often is administered safely in combination with 
levodopa). Abrupt withdrawal of levodopa or other dopaminergic 
medications may precipitate the neuroleptic malignant syndrome 
more commonly observed after treatment with dopamine antagonists 
(Keyser and Rodnitzky, 1991). 

Dopamine Receptor Agonists. An alternative to lev- 
odopa is the use of drugs that are direct agonists of stri- 
atal dopamine receptors, an approach which offers several 
potential advantages. Since enzymatic conversion of these 
drugs is not required for activity, they do not depend on 
the functional capacities of the nigrostriatal neurons and 
thus might be more effective than levodopa in late PD. In 
addition, dopamine agonists potentially are more selective 
in their actions; unlike levodopa, which leads to activation 
of all dopamine receptor types throughout the brain, ago- 
nists may exhibit relative selectivity for different subtypes 
of dopamine receptors. Most of the dopamine agonists in 
current clinical use have durations of action substantially 
longer than that of levodopa and are often useful in the 
management of dose-related fluctuations in motor state. Fi- 
nally, if the hypothesis that free radical formation as a re- 
sult of dopamine metabolisrh contributes to neuronal death 
is correct, then dopamine agonists have the potential to 
modify the course of the disease by reducing endogenous 
release of dopamine as well as the need for exogenous lev- 
odopa (Goetz, 1990). 



Two dopamine agonists, bromocriptine (Parlodel) 
and pergolide (permax), currently are available in the 
United States for treatment of PD (Figure 22-8). Both are 
ergot derivatives, and although their in vitro pharmacolog- 
ical properties are somewhat different, their actions and 
spectrum of adverse effects are similar. Bromocriptine is 
a strong agonist of the D2 class of dopamine receptors and 
a partial antagonist of the Dl class of receptors, while per- 
golide acts as an agonist at both Dl and D2 receptor sub- 
types. Both are well absorbed orally and have plasma half- 
lives in the range of 3 to 7 hours. Pergolide is substantially 
more potent than bromocriptine; typical, therapeutic doses 
of pergolide are 0.75 to 3 mg per day (maximum recom- 
mended dose is 5 mg per day), while daily doses of 
bromocriptine are 2.5 mg to as high as 40 mg. The actions 
and adverse effects of these drugs are similar to those of 
levodopa. Both bromocriptine and pergolide are effective 
in relieving the clinical symptoms of PD. Their duration 
of action after a single dose often is longer than that of 
levodopa, and thus a lessening of on/off fluctuations can 
be observed, although both drugs can cause dyskinesias. 
Like levodopa, these drugs may cause orthostatic hy- 
potension. Rarely, profound hypotension may be observed 
after the initial dose of bromocriptine or pergolide; for this 
reason, these drugs should be initiated at low dosage, and 
the administered dose should be adjusted upward slowly, 
particularly in patients who are taking other antihyperten- 
sive medications or have pre-existing orthostatic hypoten- 
sion. Both bromocriptine and pergolide may induce hallu- 
cinosis or confusion similar to that observed with levodopa; 
this effect often limits the dose of these drugs that may be 
used. In addition to effects related to their* actions at 
dopamine receptors, bromocriptine and pergolide share 
some properties with the parent family of ergot com- 
pounds, including the ability to induce pleuropulmonary 
and retroperitoneal fibrosis, erythromyalgia, and digital 
vasospasm. 



PERGOLIDE BROMOCRIPTINE Q 




Figure 22-8. Structures of direct agonists of dopamine recep- 
tors. 



512 



SECTION HI DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



In current practice, the most common use of dopamine 
agonists in the treatment of PD is in combination with car- 
bidopa/levodopa in patients with fairly advanced PD who 
are experiencing dose-related fluctuation in their motor 
state. Use of dopamine agonist monotherapy as initial treat- 
ment of PD has been advocated, based in part on the the- 
oretical reduction in oxidative stress resuUing from reduced 
turnover of dopamine. At present there are no substantial 
data to support a neuroprotective effect of dopamine ago- 
nists, and many practitioners have found that the clinical 
efficacy of dopamine agonist monotherapy is less satis- 
factory than that of levodopa (Factor and Weiner, 1993). 
Several drugs that are more specific agonists of particular 
dopamine receptor subtypes are in development and may 
eventually prove to be very useful. 

Selegiline. Two isoenzymes of MAO oxidize mono- 
amines. While both isoenzymes (MAO-A and MAO-B) are 
present in the periphery and inactivate monoamines of in- 
testinal origin, the isoenzyme MAO-B is the predominant 
form in the striatum and is responsible for the majority of 
oxidative metabolism of dopamine in the striatum. At low- 
to-moderate doses (10 mg/day or less), selegiline (elde- 
pryl) is a selective inhibitor of MAO-B, leading to irre- 
versible inhibition of the enzyme (Olanow, 1993). Unlike 
nonspecific inhibitors of MAO (such as phenelzine and iso- 
carboxazid), selegiline does not inhibit peripheral metab- 
olism of catecholamines; thus, it can be taken safely with 
levodopa, and it does not cause the lethal potentiation of 
catecholamine action observed when patients taking non- 
specific MAO inhibitors ingest indirectly acting sympath- 
omimetic amines such as the tyramine found in certain 
cheeses and wine. Doses of selegiline higher than 10 mg 
daily can produce inhibition of MAO-A and should be 
avoided. 

Selegiline has been used for several years as a symptomatic 
treatment for PD, although its benefit is fairiy modest. The basis of 
the efficacy of selegiline is presumed to be its ability to retard the 
breakdown of dopamine in the striatum. With the recent emergence 
of interest in the potential role of free radicals and oxidative stress 
in the pathogenesis of PD, it has been proposed that the ability of 
selegiline to retard the metabolism of dopamine might confer neu- 
roprotective properties. In support of this idea, it was observed that 
selegiline could protect animals from MPTP-induced parkinsonism 
by blocking the conversion of MPTP to its toxic metabolite (1- 
methyM-phenylpyridium ion), a transformation mediated by MAO- 
B. The potential protective role of selegiline in idiopathic PD was 
evaluated recently in multicenter randomized trials; these studies 
showed a symptomatic effect of selegiline in PD. but longer follow- 
up failed to provide any definite evidence of ability to retard the loss 
of dopaminergic neurons (Parkinson's Study Group, 1993). 

Selegiline is generally well tolerated in patients with early or 
mild PD. In patients with more advanced PD or underiying cogni- 



tive impairment, selegiline may accentuate the adverse motor and 
cognitive effects of levodopa therapy. Metabolites of selegiline in- 
clude amphetamine and methamphetamine, which may cause anxi- 
ety, insomnia, and other adverse symptoms. Interestingly, it has been 
observed that selegiline, like the nonspecific MAO inhibitors, can 
lead to the development of stupor, rigidity, agitation, and hyperther- 
mia after administration of the analgesic meperidine; the basis of this 
interaction is uncertain. 

Muscarinic Receptor Antagonists. Antagonists of mus- 
carinic acetylcholine receptors were widely used for the 
treatment of PD before the discovery of levodopa. The bi- 
ological basis for the therapeutic actions of anticholiner- 
gics is not completely understood. It seems likely that they 
act within the neostriatum, through the receptors that nor- 
mally mediate the response to the intrinsic cholinergic in- 
nervation of this structure, which arises primarily from 
cholinergic striatal interneurons. Several muscarinic 
cholinergic receptors have been cloned {see Chapters 7 and 
12); like the dopamine receptors, these are proteins with 
seven transmembrane domains that are linked to second- 
messenger systems by G proteins. Five, subtypes of mus- 
carinic receptor have been identified; at least four and prob- 
ably all five subtypes are present in the striatum, although 
each has a distinct distribution (Hersch et al, 1994). Sev- 
eral drugs with anticholinergic properties are currently 
used in the treatment of PD, including trihexyphenidyl (ar- 
TANE, 2 to 4 mg, three times per day), benzotropine mesy- 
late (coGENTiN, 1 to 4 mg, two times per day), and diphen- 
hydramine hydrochloride (benedryl, 25 to 50 mg, 3 to 4 
times per day). All have a modest antiparkinsonian action, 
which is useful in the treatment of early PD or as an ad- 
junct to dopamimetic therapy. The adverse effects of these 
drugs are a result of their anticholinergic properties. Most 
troublesome is sedation and mental confusion, frequently 
seen in the elderly. They also may produce constipation, 
urinary retention, and blurred vision through cycloplegia; 
they must be used with caution in narrow-angle glaucoma. 

Amantadine. Amantadine, an antiviral agent used for the 
prophylaxis and treatment of influenza A {see Chapter 50), 
has antiparkinsonian actions. The mechanism of action of 
amantadine is not clear. It has been suggested that it might 
alter dopamine release or reuptake; anticholinergic prop- 
erties also may contribute to its therapeutic actions. Aman- 
tadine and the closely related compound memantadine re- 
cently were shown to have activity at glutamate receptors, 
which may contribute to their antiparkinsonian actions 
(Stoof et ai, 1992). In any case, the effects of amantadine 
in PD are modest. It is used as inidal therapy of mild PD. 
It may also be helpful as an adjunct in patients on levodopa 
with dose-related fluctuations. Amantadine usually is ad- 
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ministered in a dose of 100 mg twice a day and is well tol- 
erated. Dizziness, lethargy, and sleep disturbance, as well 
as nausea and vomiting, have been observed occasionally, 
but even when present these effects are mild and reversible. 

ALZHEIMER'S DISEASE 

Clinical Overview. AD produces an impairment of cog- 
nitive abilities that is gradual in onset but relentless in pro- 
gression. Impairment of short-term memory is usually the 
first clinical feature, while retrieval of distant memories is 
preserved relatively well into the course of the disease. As 
the condition progresses, additional cognitive abilities are 
impaired, among them the ability to calculate, visuospatial 
skills, and the ability to use common objects and tools 
(ideomotor apraxia). The level of arousal or alertness of 
the patient is not affected until the condition is very ad- 
vanced, nor is there motor weakness, although muscular 
contractures are an almost universal feature of advanced 
stages of the disease. Death, most often from a complica- 
tion of immobility such as pneumonia or pulmonary em- 
bolism, usually ensues within 6 to 12 years after onset. The 
diagnosis of AD is based on careful clinical assessment of 
the patient and appropriate laboratory tests to exclude other 
disorders that may mimic AD; at present, no direct ante- 
mortem confirmatory test exists. 

Pathophysiology, AD is characterized by marked atrophy of the 
cerebral cortex and loss of cortical and subcortical neurons. The 
pathological hallmarks of AD are senile plaques, which are spheri- 
cal accumulations of the protein )S-amyloid accompanied by degen- 
erating neuronal processes, and neurofibrillary tangles, composed of 
paired helical filaments and other proteins (Arnold et al, 1991; Ar- 
riagada et al, 1992; Braak and Braak, 1994). Although small num- 
bers of senile plaques and neurofibrillary tangles can be observed in 
intellectually normal individuals, they are far more abundant in AD, 
and the abundance of tangles is roughly proportional to the severity 
of cognitive impairment. In advanced AD, senile plaques and neu- 
rofibrillary tangles are numerous. They are most abundant in the hip- 
pocampus and associative regions of the cortex, whereas areas such 
as the visual and motor cortices are relatively spared. This corre- 
sponds to the clinical features of marked impairment of memory and 
abstract reasoning with preservation of vision and movement. The 
factors underiying the selective vulnerability of particular cortical 
neurons to the pathological effects of AD are not known. 

Neurochemistry. The neurochemical disturbances that arise in AD 
have been studied intensively (Johnston, 1992). Direct analysis of 
neurotransmitter content in the cerebral cortex shows a reduction of 
many transmitter substances that parallels neuronal loss; there is a 
striking and disproportionate deficiency of acetylcholine. The 
anatomical basis of the cholinergic deficit is the atrophy and degen- 
eration of subcortical cholinergic neurons, particularly those in the 
basal forebrain (nucleus basalis of Meynert), that provide choliner- 
gic innervation to the whole cerebral cortex. The selective deficiency 



of acetylcholine in AD, as well as the observation that central cholin- 
ergic antagonists such as atropine can induce a confusional state that 
bears some resemblance to the dementia of AD, has given rise to the 
"cholinergic hypothesis," which proposes that a deficiency of acetyl- 
choline is critical in the genesis of the symptoms of AD (Perry. 1986). 
Although the conceptualization of AD as a "cholinergic deficiency 
syndrome" in parallel with the "dopaminergic deficiency syndrome" 
of PD provides a useful framework, it is important to note that the 
deficit in AD is far more complex, involving multiple neurotrans- 
mitter systems, including serotonin, glutamate, and neuropeptides, 
and that in AD there is destruction of not only cholinergic neurons 
but also the cortical and hippocampal targets that receive choliner- 
gic input. 

Role of /3-ainy!oid. The presence of aggregates of )3-amyloid is a 
constant feature of AD. Until recently, it was not clear whether the 
amyloid protein was causally linked to the disease process or merely 
a by-product of neuronal death. The application of molecular genet- 
ics has shed considerable light on this question. j3-Amyloid was iso- 
lated from affected brains and found to be a short polypeptide of 42 
to 43 amino acids. This information led to cloning of amyloid pre- 
cursor protein (APP), a much larger protein of more than 700 amino 
acids which is widely expressed by neurons throughout the brain in 
normal individuals as well as in those with AD. The function of APP 
is unknown, although the structural features of the protein suggest 
that it may serve as a cell surface receptor for an as-yet-unidentified 
iigand. The production of ^-amyloidfrom APP appears to result from 
abnormal proteolytic cleavage of APP (Selkoe, 1993; Ashall and 
Goate, 1994), 

Analysis of APP gene structure in pedigrees exhibiting autoso- 
mal dominant inheritance of AD has shown that in some families mu- 
tations of the ^-amyloid-forming region of APP are present, while 
in others mutations of proteins involved in the processing of APP 
have been implicated (Clark and Goate, 1993). These results demon- 
strate that it is possible for abnormalities in APP or its processing to 
cause AD. The vast majority of cases of AD, however, are not fa- 
milial, and in these sporadic cases of AD structural abnormality of 
APP or related proteins has not been obsen^ed consistently. Although 
these observations suggest that agents that alter the metabolism of 
APP might alter the course of AD in both familial and sporadic cases 
(Whyte et al, 1994), no clinically practical strategies have been de- 
veloped yet. 

Treatment of Alzheimer's Disease. A major approach 
to the treatment of AD has involved attempts to augment 
the cholinergic function of the brain (Johnston, 1992). An 
early approach was the use of precursors of acetylcholine 
synthesis, such as choline chloride and phosphatidyl 
choline (lecithin). Although these supplements are gener- 
ally well tolerated, randomized trials have failed to demon- 
strate any clinically significant efficacy. Direct intracere- 
broventricular injection of cholinergic agonists such as 
bethanacoi appears to have some beneficial effects, al- 
though this requires surgical implantation of a reservoir 
connecting to the subarachnoid space and is too cumber- 
some and intrusive for practical use. A somewhat more suc- 
cessful strategy has been the use of inhibitors of acetyl- 
cholinesterase (AChE), the catabolic enzyme for 
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acetylcholine (see Chapter 8). Physostigmine, a rapidly act- 
ing, reversible AChE inhibitor, produces improved re- 
sponses in animal models of learning, and in patients with 
AD some studies have demonstrated mild transitory im- 
provement in memory following physostigmine treatment. 
The use of physostigmine has been limited because of its 
short half-life and tendency to produce symptoms of sys- 
temic cholinergic excess at therapeutic doses. 

Recently, the acridine derivative tacrine (cognex, 
l,2,3,4-tetrahydro-9-aminoacridine) has been approved by 
the United States Food and Drug Administration for the 
treatment of dementia in AD. Tacrine was first synthesized 
nearly 50 years ago, and the pharmacology of this agent 
has been the subject of numerous studies (Freeman and 
Dawson, 1991). It is a potent centrally acting inhibitor of 
AChE {see Chapter 8). A trial reported in 1986 described 
clinical efficacy of intravenous tacrine in AD, although sub- 
sequent review of the data from this trial revealed method- 
ological flaws (Summers et al, 1986; Food and Drug Ad- 
ministration, 1991). Three later studies of oral tacrine in 
combination with lecithin confirmed that tacrine does af- 
fect some measures of memory performance (Chatellier and 
Lacomblez, 1990; Gauthier et ai, 1990; Eagger et aL, 
1991), but the magnitude of improvement observed with 
the combination of lecithin and tacrine was modest at best. 
In two of the studies, the improvements in cognitive scores 
were judged to be cUnically insignificant; in the third, mod- 
est improvement in some measurements was observed, the 
clinical relevance of which was deemed to be a matter of 
individual physician judgement (Eagger et ai, 1991). The 
side effects of tacrine may be significant and dose-limiting: 
abdominal cramping, nausea, vomiting, and diarrhea were 
observed in up to one-third of patients receiving therapeu- 
tic doses. Tacrine also may cause hepatotoxicity, as evi- 
denced by the elevation of serum transaminases observed 
in up to 20% of patients treated; these elevations usually 
resolve rapidly if treatment is discontinued. Because of the 
relatively small improvement that results from tacrine treat- 
ment and the significant side-effect profile, its clinical use- 
fulness is limited (Growdon, 1992). 



HUNTINGTON DISEASE 

Clinical Features. HD is a dominantly inherited disor- 
der characterized by the gradual onset of motor incoordi- 
nation and cognitive decline in mid-life. Symptoms de- 
velop insidiously, either as a movement disorder 
manifested by brief jerk-like movements of the extremi- 
ties, trunk, face, and neck (chorea), or personality changes, 
or both. Fine motor incoordination and impairment of rapid 



eye movements are early features. Occasionally, especially 
when the onset of symptoms occurs before the age of 20, 
choreic movements are less prominent, and, instead, 
bradykinesia and dystonia predominate. As the disorder 
progresses, the involuntary movements become more se- 
vere, dysarthria and dysphagia develop, and balance is im- 
paired. The cognitive disorder manifests itself first by slowr 
ness of mental processing and difficulty in organizing 
complex tasks. Memory is affected, but affected persons 
rarely lose their memory of family, friends, and immedi- 
ate situation. Such persons often become irritable, anxious, 
and depressed. Less frequently, paranoia and delusional 
states are manifest. The outcome of HD is invariably fa- 
tal; over a course of 15 to 30 years, the affected person be- 
comes totally disabled and unable to communicate and re- 
quires full-time care; death ensues from the complications 
of immobility (Hayden, 1981; Harper, 1991, 1992). 

Pathology and Pathophysiology. HD is characterized by promi- 
nent neuronal loss in the caudate/putamen of the brain (Vonsattel 
et al, 1985). Atrophy of these structures proceeds in an orderly fash- 
ion, first affecting the tail of the caudate nucleus and then proceed- 
ing anteriorly, from mediaWorsal to lateral-ventral. Other areas of 
the brain also are affected, although much less severely; morphome- 
tric analyses indicate thai there are fewer neurons in cerebral cortex, 
hypothalamus, and thalamus. Even within the striatum, the neuronal 
degeneration of HD is selective. Intemeurons and afferent terminals 
are largely spared, while the striatal projection neurons (the medium 
spiny neurons) are severely affected. This leads to large decreases in 
striatal GABA concentrations, whereas somatostatin and dopamine 
concentrations are relatively preserved (Ferrante et ai, 1987- Reiner 
et aL 1988). 

Selective vulnerability also appears to underlie the most con- 
spicuous clinical feature of HD, the development of chorea. In most 
adult-onset cases, the medium spiny neurons that project to LGP and 
SNpr (the indirect pathway) appear to be affected earlier than those 
projecting to the MOP (the direct pathway; Albin et al; 1990, 1992). 
The disproportionate impairment of the indirect pathway increases 
extitatory drive to the neocortex, producing involuntary choreiform 
movements (Figure 22-9). In some individuals, rigidity rather than 
chorea is the predominant clinical feature; this is especially common 
in juvenile-onset cases. In these cases the striatal neurons giving rise 
to both the direct and indirect pathway are impaired to a compara- 
ble degree. 

Genetics. HD is an autosomal dominant disorder with nearly com- 
plete penetrance. The average age of onset is between 35 and 45 
years, but the range varies from as early as age 2 years to as late as 
the mid-80s. Although the disease is inherited equally from mother 
and father, more than 80% of those developing symptoms before die 
age of 20 inherit the defect from the father. Known homozygotes for 
HD show clinical characteristics identical to the typical HD het- 
erozygote, indicating that the unaffected chromosome does not at- 
tenuate the disease symptomatology. Until the discovery of the ge- 
netic defect responsible for HD, de novo mutations causing HD were 
thought to be unusual, and because the disease could present late in 
life, the occurrence of a new mutation was difficult to prove on clin- 
ical grounds alone. 
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Figure 22-9, The basal ganglia in Huntington 's disease (HD). 

HD is characterized by loss of neurons from the STR. The 
neurons that project to the LGP and form the indirect path- 
way are affected earlier in the course of the disease than 
those that project to the MGR. This leads to a loss of inhi- 
bition of the LGP. The increased activity in this structure 
in turn inhibits the STN, SNpr, and MGP, resulting in a 
loss of inhibition to the VA/VL thalamus and increased 
thalamocortical excitatory drive. Thin line, normal pathway 
activity; thick line, increased pathway activity in HD; 
dashed line, reduced pathway activity in HD. {See legend 
to Figure 22-6 fordefmilions of anatomical abbreviations.) 



In 1983, Gusella and co-workers identified a marker, D4S10, 
that was closely linked to the HD gene on chromosome 4 (Gusella 
et qL, 1983). After an arduous ten-year multi-investigator collabora- 
tive effort, a region near the telomere of chromosome 4 was found 
to contain a polymorphic (CAG)n trinucleotide repeat that was sig- 
nificantly expanded in virtually all individuals with HD (Hunting- 
ton's Disease Collaborative Research Group, 1993). The expansion 
of this trinucleotide repeat is the genetic alteration responsible for 
HD. The range of CAG repeat length in normal subjects is between 
9 and 34 triplets, with a median repeat length on normal chromo- 
somes of 19. The repeat length in HD varies from 38 to over 100. 
At the current time, the significance and clinical effects of repeat 
lengths in the range of 35 to 39 are not known, and presymptomatic 
testing protocols must take this unknown variable into consideration. 
Repeat length is correlated inversely with age of onset. The younger 
the age of onset, the higher the probability of a large repeat number. 
This correlation is strongest in individuals with onset before the age 
of 30, while above the age of 30 the correlation is weaker; thus, re- 
peat length cannot serve as an adequate predictor of age of onset in 
most individuals. 



Selective Vulnerability. The mechanism by which the expanded 
trinucleotide repeat leads to d^e clinical and pathological features of 
HD is unknown. The HD mutation lies within a gene designated FFIS. 
The mS gene itself is very large (10 kilobases) and is thought to 
encode a protein of approximately 348 kDa or 3 144 amino acids. The 
predicted protein, huntingtin, does not resemble any known protein. 
The trinucleotide repeat, which encodes the amino acid glutamine, 
occurs at the 5 '-end of ITIS and is followed directly by a second, 
shorter repeat of (CCG)n which encodes the amino acid proline. The 
HD gene is expressed widely throughout the body. High levels of ex- 
pression are present in brain, pancreas, intestine, muscle, liver, and 
adrenals. Very high levels of expression were observed in testes. In 
brain, expression of FTIS does not appear to be correlated with neu- 
ron vulnerability; although the striatum is most severely affected, 
neurons in all regions of the brain express similar levels of IT15 
mRNA (Landwehrmeyer et ai, 1994), 

The ability of the HD mutation in JTIS to produce selective 
neural degeneration despite nearly universal expression of the gene 
among neurons may be related to metabolic or excitotoxic mecha- 
nisms. HD patients tend to be thin, suggesting the presence of a sys- 
temic disturbance of energy metabolism. In animal models, injection 
into the striatum of agonists for the NMDA subtype of excitatory 
amino acid receptor can cause pathology similar to that seen in HD 
(Beal ^; 1986). More interesting, however, is the fact that in- 
hibitors of Complex II of the mitochondrial respiratory chain also 
can result in HD-like striatal lesions — even when given systemati- 
cally (Beal et aL, 1993). Funhermore, this pathology can be dimin- 
ished by NMDA receptor antagonists, suggesting that this is an ex- 
ample of a metabolic impairment giving rise to excitotoxic neuronal 
injury. Studies employing magnetic resonance spectroscopy have pro- 
vided direct evidence of an alteration in energy metabolism in HD 
in vivo (Jenkins et aL, 1992). Thus, the link between the widespread 
expression of the gene for the abnormal IT15 protein in HD and the 
selective vulnerability of neurons in the disease may arise from the 
interaction of a widespread defect in energy metabolism with the in- 
trinsic properties of striatal neurons, including their capacity and need 
for oxidative metabolism as well as the types of glutamate receptors 
present. This hypothesis has a number of potentially important ther- 
apeutic implications, for it is unlikely that it will be possible in the 
near future to correct the genetic defect in the brains of individuals 
with HD, but it may be possible to develop agents that alter meta- 
bolic function or protect against excitotoxic injury and thereby arrest 
or modify the course of the disease. 

Symptomatic Treatment of Huntington's Disease. 
Practical treatrtient for symptomatic HD emphasizes the 
selective use of medications (Shoulson, 1992). No current 
medication slows the progression of the disease, and many 
medications can impair function because of side effects. 
Treatment is needed for patients who are depressed, irri- 
table, paranoid, excessively anxious, or psychotic. De- 
pression can be treated effectively with standard antide- 
pressant drugs with the caveat that those drugs with 
substantial anticholinergic profiles can exacerbate chorea. 
Fluoxetine (Chapter 19) is effective treatment for both the 
depression and the irritability manifest in symptomatic HD. 
Carbamazepine (Chapter 20) has also been found to be ef- 
fective for depression. Paranoia, delusional states, and psy- 
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chosis usually require treatment with neuroleptics, but the 
doses required often are lower than those usually used in 
primary psychiatric disorders. These agents also reduce 
cognitive function and impair mobility and thus should be 
used in the lowest doses possible and be discontinued when 
the psychiatric symptoms are resolved. In individuals with 
predominantly rigid HD, clozapine (Chapter 18) or carba- 
mazepine may be more effective for treatment of paranoia 
and psychosis. 

The movement disorder of HD per se only rarely jus- 
tifies pharmacological therapy. For those with large-am- 
plitude chorea causing frequent falls and injury, dopamine- 
depleting agents such as tetrabeuazine or reserpine 
(Chapter 33) can be tried, although patients must be mon- 
itored for hypotension and depression. Neuroleptics also 
can be used but these often do not improve overall func- 
tion because they decrease fine motor coordination and in- 
crease rigidity. Many HD patients exhibit worsening of in- 
voluntary movements as a result of anxiety or stress. In 
these situations, judicious use of sedative or anxiolytic ben- 
zodiazepines can be very helpful In juveniie-onset cases 
where rigidity rather than chorea predominates, dopamine 
agonists have had variable success in the improvement of 
rigidity. These individuals also occasionally develop my- 
oclonus and seizures that can be responsive to clonazepam, 
valproic acid, or other anticonvulsants. 



AMYOTROPHIC LATERAL 
SCLEROSIS 

Clinical Features and Pathology. ALS is a disorder of 
the motor neurons of the ventral horn of the spinal cord and 
the cortical neurons that provide their afferent input. The 
ratio of males to females affected is approximately 1.5:1 
(Kurtzke, 1982). The disorder is characterized by rapidly 
progressive weakness, muscle atrophy and fasciculations, 
spasticity, dysarthria, dysphagia, and respiratory compro- 
mise. Sensory function generally is spared, as is cognitive, 
autonomic, and oculomotor activity. ALS usually is pro- 
gressive and fatal, with most affected patients dying of res- 
piratory compromise and pneumonia after 2 to 3 years, al- 
though occasional individuals have a more indolent course 
and survive for many years. The majority of cases are spo- 
radic aldiough autosomal dominant and autosomal reces- 
sive inheritance has been described in several kindreds. The 
pathology of ALS corresponds closely to the clinical fea- 
tures: there is prominent loss of the spinal and brainstem 
motor neurons that project to striated muscles (although the 
oculomotor neurons are spared) as well as loss of the large 
pyramidal motor neurons in layer V of motor cortex which 



are the origin of the descending corticospinal tracts. In fa- 
milial cases, Clarke's column and the dorsal horns are 
sometimes affected (Caroscio^r a/., 1987; Rowland, 1994). 

Etiology. The cause of the motor neuron loss in ALS is unknown, 
but theories include autoimmunity excitotoxicity, free radical toxic- 
ity and viral infection (Rowland, 1994). Recent studies in a subset 
of families with autosomal dominant ALS have provided interesting 
clues. Mutations in the gene for the enzyme superoxide dismutase 
(SOD) have been identified in affected members of several kindreds 
and in additional sporadic cases (Rosen et aL, 1993). This enzyme 
is thought to have an important role in the metabolism of potentially 
neurotoxic free radicals. SOD activity is normal or decreased in spinal 
cord and cerebrospinal fluid of patients with ALS. Animals trans- 
genic for normal human SOD express excess SOD activity and do 
not develop motor neuron disease (Przedborski et al., 1992). In fact, 
these animals have reduced susceptibility to the free-radical-medi- 
ated toxic effects of hypoxia/ischemia. Animals transgenic for the 
human SOD gene containing the mutations observed in ALS do de- 
velop progressive motor neuron disease. The relationship between 
the mutation of SOD and selective vulnerability of spinal motor neu- 
rons is an area of active investigation. Ba.sed on the SOD mutations 
observed in ALS, trials of free radical scavengers and SOD replace- 
ment therapy are in progress. 

Alternative theories of selective neuronal degeneration in ALS 
include the hypothesis that glutamate reuptake may be abnormal, 
leading to accumulation of glutamate and excitotoxic injury. Studies 
of ALS tissue and CSF suggest that tissue glutamate levels and glu- 
tamate reuptake are decreased, whereas CSF glutamate levels are 
increased (Rothstein ef ai, 1992). Based on these observations, sev- 
eral trials of glutamate antagonists in ALS, including dextromethor- 
phan, lamoingine, and branched-chain amino acids, have been initi- 
ated, but so far have proven negative (Testa et ai, 1989; Askmark 
et ai, 1993; Eisen et ai, 1993). Neural growth factors also are un- 
der study to slow the loss of neurons in ALS (Sendtner et ai. 1992). 
An agent that blocks glutamate release, riluzole, has been reported 
to delay death and the need for tracheostomy in patients with bul- 
bar-onset ALS but not in patients with spinal-onset ALS: a larger 
study is now in progress (Bensimon et aL 1994). Glutamate recep- 
tors may eventually prove to be important targets of agents to slow 
or arrest the progression of ALS. 

Spasticity and the Spinal Reflex. Spasticity is an important com- 
ponent of the clinical features of ALS, in that the presence of spas- 
ticity often leads to considerable pain and discomfort and reduces 
mobility, which is already compromised by weakness. Furthermore, 
spasticity is the feature of ALS which is most amenable to present 
forms of treatment. Spasticity is defined as an increase in muscle tone 
characterized by an initial resistance to passive displacement of a 
limb at a joint followed by a sudden relaxation (the so-called clasped- 
knife phenomenon). Spasticity is the result of the loss of descending 
inputs to the spinal motor neurons, and the character of the spastic- 
ity depends on which nervous system pathways are affected (David- 
off, 1990). Whole repertoires of movement can be generated directly 
at the spinal cord level; it is beyond the scope of this chapter to de- 
scribe these in detail The monosynaptic tendon-stretch reflex is the 
simplest of the spinal mechanisms contributing to spasticity. Primary 
la afferents from muscle spindles, activated when the muscle is 
rapidly stretched, synapse directly on motor neurons going to the 
stretched muscle, causing it to contract and resist the movement. A 
collateral of the primary la afferent synapses on a "la-coupled in- 
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temeuron" that inhibits the motor neurons innervating the antagonist 
of the stretched muscle, allowing the contraction of the muscle to be 
unopposed. Upper motor neurons from the cerebral cortex (the pyra- 
midal neurons) suppress spinal reflexes and the lower motor neurons 
indirectly by activating the spinal cord inhibitory intemeuron pools. 
The pyramidal neurons use glutamate as a neurotransmitter. When 
the pyramidal influences are removed, the reflexes are released from 
inhibition and become more active, leading to hyperreflexia. Other 
descending pathways from brainstem also influence spinal reflex ac- 
tivity including the rubro-, reticulo-, and vestibulospinal pathways 
and the descending catecholamine pathways. When just the pyrami- 
dal pathway is affected, extensor tone in the legs and flexor tone in 
the arms are increased. When the vestibulospinal and catecholamine 
pathways are impaired, increased flexion of all extremities is ob- 
served and light cutaneous stimulation can lead to disabling whole- 
body spasms. In ALS, pyramidal pathways are impaired with rela- 
tive preservation of the other descending pathways, resulting in 
hyperactive deep-tendon reflexes, impaired fine motor coordination, 
increased extensor tone in the legs, and increased flexor tone in the 
arms. The gag reflex often is overactive as well. 

Symptomatic Therapy. Symptomatic therapy for ALS has focused 
on the treatment of spasticity. For increased extensor tone and clonus, 
the GABAb agonist baclofen (lioresal) has proved to be the most 
effective agent. Initial doses of 5 to 10 mg a day are recommended, 
but the dose can be increa.sed to as much as 200 mg a day if neces- 
sary. If weakness occurs, the do.se should be lowered. Benzodiazepines 
and other muscle rela.xants have little effect. Treatment al.so may in- 
clude antidepressant medication and medication for salivation in the 
bulbar form of ALS (oxyburynin, trihexyphenidyl, amitripiyline). 

PROSPECTUS 

Although advances in the symptomatic therapy of the neu- 
rodegenerative disorders, particularly PD, has improved 



the lives of many patients, the goal of current research is 
to develop treatments that can prevent, retard, or reverse 
neuronal cell death. Promising areas for drug development 
are the mechanisms implicated in several of the disorders: 
excitotoxicity, defects in energy metabolism, and oxida- 
tive stress. Glutamate antagonists have great potential, but 
their use is limited by the relatively nonselective activity 
of the available agents. Increased knowledge of the struc- 
ture and function of glutamate receptor subtypes should 
make more selective and useful agents available. Phar- 
macological reduction of oxidative stress also is feasible, 
despite the disappointing results of initial clinical trials 
with tocopherol and selegiline. Neural growth factors are 
another important area for drug development. Several fac- 
tors that promote the differentiation of neurons and the es- 
tablishment of neural connections during development 
have been identified, and these may eventually prove use- 
ful in retarding or reversing neuronal death. A more di- 
rect and currently accessible approach to reversing neu- 
ronal loss is surgical transplantation of neurons; this has 
been accomplished in PD with a moderate degree of suc- 
cess and has been proposed as a treatment for other con- 
ditions such as AD. In addition to these general approaches 
to neurodegeneration, more specific treatments for the var- 
ious diseases should become feasible with advances in 
knowledge of their etiology. For example, discovery of the 
role of /3-amyloid in AD has sparked the study of agents 
that alter its synthesis, while discovery of the function of 
the HD gene is likely to lead to novel treatment strategies 
for that disorder. 



For further information regarding neurodegenerative diseases for which the drugs discussed in this chapter are useful, 
the reader is referred to the following chapters in Harrison's Principles of Internal Medicine, 13th ed., McGraw-Hill, 
New York, 1994: Parkinson's disease, Chapter 371; Alzheimer's disease and Huntington's disease, Chapter 370; and amy- 
otrophic lateral sclerosis, Chapter 372. 
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Abstract The basal ganglia comprise a group of gray matter structures 
beneath the cerebral cortex, that surrounds the thalamus and hypothalamus. 
The basal ganglia play an important role in controlling movement. The motor 
circuits within the striato-pallidal complex are thought to facilitate desired 
movement and inhibit unwanted movement through their influence, via the 
thalamus, mainly on cortical precentral motor regions. Localized damage to 
parts of the.basal ganglia occurs in certain disea.<!es such as Parkinson's 
disease. Paridnsonism is a common neurological disorder that affects about 
one person in every 1,000 of the general population and about 2% in the 
elderly. The diagnosis of Parkinson's disease is based on the presence of two 
or more of die major symptoms: tremor, rigidity, postural instability, and 
bradykinesia. The pathological process behind the motor disabilities of 
Parkinsonism is a progressive degeneration of dopaminergic neurons of the 
substantia nigra, that results in dopamine depletion in the striatum. Brain 
dopamine deficiency is sufficient to explain all of the major symptoms of 
Parkinson's disease. 
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PATHONEUROPHYSIOLOGY OF 
MOTOR DEFICIT IN PARKINSON'S 
DISEASE 

The basal ganglia comprise a group of griay matter 
structures beneath the cerebral cortex» that surrounds the 
thalamus and hypothalamus. Details of their anatomy 
and physiology have been well documented (Carpenter 
1981, DeLong and Georgopoulos 1981, Horynkiewicz 
1981, Graybiel 1984, Young and Penney 1984, 1988, 
Lange et al. 1997). It is generally accepted that the basal 
ganglia are responsible for modulating and facilitating 
various motor and cognitive programs, although mech- 
anisms of these processes are still unknown (Young and 
Penney 1988). 

Localized damage to parts of the basal ganglia occurs 
in certain diseases such as Parkinson's disease (PD), 
Wilson's disease, and Huntington's chorea. The extent 
of the damage varies firom patient to patient, so that each 
shows his own pattern of symptoms. In his "Essay on 
Shaking Palsy" James Parkinson (1817) focused on pos- 
tural and gait deficits: ... the patient is found to be less 
strict than usual in preserving an upright posture... and 
"Involuntary tremulous motion, wilh lessened muscular 
power, in parts not in action and even when supported; 
with a propensity to bend the trunk forwards, and to pass 
from a walking to a running pace; the senses and intellect 
being uninjured" (Barbeau 1986). 

Parkinsonism is a common neurological disorder, it 
affects about one person in every 1,000 of the general 
population and about 2% in the elderly (Peterson et al. 
1988). The diagnosis of Parkinson's disease is based on 
the presence of two or more of the major symptonns: tne- 
. mor, rigidity, postural instability, and bradykinesia. Other 
signs and symptoms of PD include seborrhoea,. intoler- 
ance of heat, edema, cyanosis, increased salivation, de- 
creased rate of swallowing. These will not be discussed 
in this paper. 

The pathological process behind the motor disabilities 
of PD is a progressive degeneration of dopaminergic 
neurons of the substantia nigra, that results in dopamine 
depletion in the su-iatum. Brain dopamine deficiency is 
sufficient to explain all of the major symptoms of PD 
(Marsden 1982, 1984, for review see Narabayashi 1995). 
In early stages of parkinsonism, there appears to be a 
comj)ensaloiy increase in the number of dopamine re- 
ceptors to accommodate the initial loss of dopamine neu- 
rons (Ebadi et al. 1996). As the disease progresses, the 
number of dopamine receptors decreases, apparently 



due to the concomitant degeneration of dopamine target 
sites on striatal neurons. 

The basal ganglia play an iraportantrole in controlling 
movement The motor circuits within the striato-pallidal 
complex are thought to facilitate desired movement and 
inhibit unwanted movement through their influence, via 
the thalamus, mainly on cortical precentral motor regions 
(Maisden and Obeso 1994). In patients with Parkinson's 
disease stereotaxic lesions directed at the motor thala- 
mus improve rigidity and tremor and do not worsen par- 
kinsonian hypokinesia and bradykinesia. The motor 
circuits of the basal ganglia are part of a distributed 
motor system which can operate, albeit imperfectly, in 
the absence of striato-pallido-thalamo-cortical feed- 
-back. It seems most likely that a pause in firing of me- 
dial palUdal and substantia nigra reticulata neurons per- 
mits movements generated by cortical motor areas. An 
increase in firing of medial pall idal neurons, which so far 
has been the major focus of attention, may be more con- 
cerned with inhibition of unwanted movement 

A change in firing of medial pallidal neurons appears to 
occur too late to initiate a new nioyement However, the 
motor circuit within the striato-pallidal system routinely re- 
ceives a continuous delayed read-out of cortical motor ac- 
tivity and issues an output directed via the thalamus mainly 
to premotor cortical regions. This rnay permit the routine 
automatic execution of sequ^ices of movements generated 
in cordcai motor areas. There is evidence that other regions 
of the striatum respond to significant external or internal cues 
as dictated by their cortical inputs, the significance being 
determined by memory, novelty, emotion^ and other con- 
texts. Such events capture flje attention of the non-motor stri- 
atum, which then intemipts the routine operation of the 
motor circuit, perhaps at the level of flie medial pallidum and 
substantia nigra pars reticulata, to permit new cortical motor 
action. 

The function of the basal ganglia has also been exam- 
ined in terms of changes in behavior caused by patho- 
logy, as in PD (Marsden 1985, Roos et al. 1996). The 
observations of poorer concept formation (Bowen et al. 
1975, Flowers and Robertson 1985), impairment in 
learning (Frith et al. 1986, Verschueren et al. 1997), 
poorer attentional processes (Lee and Snrith 1 983, Cools 
et al. 1984), as well as depression (Dakof and Mendelsohn 
1986, Gotham et al. 1 986, Taylor et al. 1986) in PD pa- 
tients suggest tiiat die basal ganglia are also involved in 
higher cognitive functions. Impairments in these cogni- 
tive factors may also affect movement performance (J or- 
danetaJ. 1992b). 
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TREATMENT STRATEGIES 

The major motor disturbances in Parkinson's disease 
are thought to be caused by overactivity of the internal 
segment of the globus pallidus, in large part due to ex- 
cessive drive from the subthalamic nucleus. The ex- 
cessive inhibitory activity of the globus pallidus is 
thought to inhibit the motor thalamus and the cortical 
motor system thus producing the .slowness, rigidity, and 
poverty of movement characteristic of parkinsonian 
states. Pallidotomy and thalamotomy are the stereotactic 
procedures most commonly performed in PD patients 
who fail to obtain satisfactory relief of their symptoms 
with drug therapy. Srnall lesions disrupt the abnormal ac- 
tivity of basal ganglia circuitry (Nakamura et al. .l979, 
Jankovic el al. 1995, Lozano et al. 1995, Baron et al. 
1 996, Kraus and Jankovic 1 996). Therefore, pallidotomy 
enhances motor performance, reduces akinesia, im- 
proves gait, and almost completely eliminates levodopa- 
-induced dyskinesias (Lozano et al. 1995). 

Fetal nigral transplantation, which is still an ex- 
perimental procedure, has the potential for restoring the 
lost nigrostrialal pathway (Krauss and Jankowic 1996). 
Also a new experimental procedure, external application 
of picoTesla range magnetic fields has been reported re- 
cently to be efficacious in the treatment of Parkinson's 
disease (Sandyk and Derpapas 1 993). Improvement with 
magnetic therapy was noted not only in the motor control 
(gait, postural instability) but also in nonmotor aspects 
of the disease including mood, anxiety, autonomic and 
cognitive functions. 

MOTOR DEFICITS IN 
PARKINSONISM 

The impairment of motor functions observed in PD 
patients may be considered to consist of a pri mary deficit 
- so called negative symptoms including poverty of 
movement and impairment of postural reflexes, and sec- 
ondary defects - positive symptoms such as rigidity and 
tremor (Knutson and Martensson 1986). When execu- 
ting a repetitive motor task, parkinsonians have difficul- 
ties in maintaining an unchanged speed and amplitude of 
the individual movements. In walking, for instance, 
there is a tendency for individual steps to become shorter 
and eventually come to a complete stop (Morris et al. 
1 994). The gait may become arrested by even the smal- 
lest obstacle (Stem et al. 1980. 1983a). Generally, any 
sensory stimuli may markedly affectmotor performance 



(Knutson and Martensson 1986, Morris et al. 1994). If 
walking is stopped by a sensory stimulus and stress and 
anxiety is added, the patient may not be able to start lo- 
comotion again for a long period. In some patients the 
problem of gait may be overcome by various external 
cues. Speech defects are common in advanced PD and 
include disturbances in respiration, phonation and ar- 
ticulation. These problems have also attracted the atten- 
tion of some motor control researchers (Stewart et al. 
1995). 

TREMOR 

Tremor at rest is a cardinal sign of Parkinson's dis- 
ease. Some patients have only a resting tremor for at least 
5 years without developing other parkinsonian signs or 
symptoms. Recent findings suggest the existence of a 
separate subtype of the disease, namely, tremulous 
Parkinson's disease in wluch there is a resting tremor 
alone (Chang el al. 1995). Tremor can also be a manifes- 
tation of Wilson's disease, lesions of the cerebellum and 
midbrain, peripheral neuropathy, trauma, alcohol, and 
conversion disorders (Anouti and Roller 1995). 

The origin of the PD tremor is still uncertain. Patients 
with PD are reported to have tremor predominantly in 
their hands, feet, and chin (Jankovic and Frost 1981). 
Electromyographic recordmgs show rhythmic activity 
alternating in antagonistic mascles at a frequency range 
between 3.5 and 7 Hz (Hagbarth et al. 1 975, Shahani and 
Young 1976, Fmdley et al. 1981, Delwaide and Gonce 
1 988, Maisden 1992, Koller et al. 1 994, Anouti and Roller 
1995, Palmer and Hutton 1995, Volkman et al. 1996). 
The tremor frequency can differ between the upper and 
lower limbs, and even between the two upper limbs 
(Delwaide and Gonce 1988). 

Rhythmically alternating contractions of a given 
muscle group and its antagonists are organized as normal 
movements with alpha-gamma coactivation (Hagbarth 
et al. 1975). The rhotor units, however, respond with ab- 
normal clusters of action potentials - so called doublets 
and triplets (Young and Shahani 1979, Young 1985). 
What is more important, within the muscles themselves, 
the motor units are firing in a synchronous manner at 
regular intervals (Barbeau 1986). During an active 
muscle contraction the synchronized firing is lost and 
most PD patients show no other tremor. However, the 
tremor in the arms may still be present when walking, 
and when performing a repetitive arm abduction-adduc- 
tion task (Jankovic and Frost 1981). Young (1985) has 
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found that when patients are asleep and activate their 
axial muscles to shift position, tremor can start and 
awaken them. 

The PD tremor is increased by nervousness or fatigue 
and may disappear in sleep. It can be also suppressed by 
relaxation of the axial postural mascles (Delwaide arid 
Gonce 1988). It may be completely absent when the sub- 
ject is concentrating on some skilled task. PD resting tre- 
mor in the arms and legs responds to the use of 
anticholinergics and a combination of carbidopa and 
levodopa. 

A variety of clinical and experimental findings sug- 
gest that parkinsonian resting tremor results from the in- 
voluntary activation of a. central mechanism normally 
used for the production of rapid voluntary alternating 
movements. Magnetic field tomography studies showed 
that tremor in PD is indeed accompanied by rhythmic 
subsequent neural activation at the diencephalic level 
and in lateral premotor, somatomotor, and somatosen- 
sory cortex (Volkman et aK 1996), 

Microelectrode recordings from the thalamus of PD 
patients revealed rhythmic neuronal activity associated 
with contralateral limb tremor (Jasper and Bertrand 
1964, Albe-Fessaid et al. 1966, Narabayashi and Ohye 
1983). Some of this activity is simply being driven by 
muscle afferents but some neurons exhibit their own 
rhythmical activity (for review see Delwaide and Gonce 
1988). Lee and Stein (1981) found neurons within the 
basal ganglia and the thalamus of PD patients that fire at 
the same frequency as the tremor, and hypothesized that 
damage to the inhibitory pathway between the substantia 
nigra pars reticulata and the striatum may lead to ex- 
cessive striatal excitatory output facilitating osciUating 
bursts of activity in the thalamus. The tremogenic tha- 
lamic pacemaker would be included in a long hyperac- 
tive neuronal loop starting from the muscle spindles and 
going up to the thalamus, the motor cortex and returning 
to the muscular level via the pyramidal track (Delwaide 
and Gonce 1988). 

Some physiological observations also support the the- 
ory that Parkinson tremor is a centrally driven rhythm 
that may be influenced by feedback effects. There is, for 
example, in PD patients a significant correlation be- 
tween the peak of acceleration and the peak of rectified 
electromyographic activity from the muscle responsible 
for finger extension (Palmer and Hutton 1995). Such a 
correlation is not seen in age-matched control subjects. 

The quality of motor control is affected by the tremor. 
Typically, the increase in the involuntary oscillations re- 



sult in both a decline in sensory sensitivity, and in de- 
layed movement initiation. Some patients with parkin- 
sonism are not able to use visual information in a normal 
manner in a simple motor tracking task. The pathological 
tremor present in these individuals acts as noise and pre- 
vents Uiem from performing normally (Vasilakos and 
Beuter 1 993). On the other hand, a systematic phase re- 
lationship between tremor-at-rest and the onset of volun- 
tary motor responses in PD has been recently 
documented (Wierzbickaetal. 1993,Staudeetal. 1995). 
Reaction times of PD patients exhibit a significant de- 
pendence of mean values and variability on the current 
tremor phase at the onset of the voluntary motor re- 
sponse. Responses with an onset of contraction during 
the begirming of an EMG tremor burst are substantially 
delayed (on average 50 ms) and show more variability 
in comparison to responses initiated at later times in the 
tremor cycle. This effect can be explained by a simple 
gating process splitting the tremor cycle into two differ- 
ent system states that support or inhibit the irutiation of 
voluntary motor responses (Wierzbicka et al. 1993). 

Chronic thalamic stimulation, involving permanent 
implantation of deep brain electrodes and a pulse gener- 
ator, effectively controls contralateral tremor (Benabid 
et al. 1996). It interesting that a low frequency (50 Hz) 
electrical stimulation of the ventral intermediate tha- 
lamic nucleus may increase tremor, while stimulation 
with a frequency greater than 100 Hz leads to suppress- 
ion of the tremor (Alesch et al. 1995). The patient's 
ability to generate steady torque and rapid movements is 
also improved with moderate and high frequency stimu- 
lation (Pfann et al. 1 996). However, even witii motor im- 
provements and with a decrease of tremor muscular 
activity abnormalities typical for PD remain. 

RIGIDITY 

Rigidity is manifested by increased resistance to 
passive movement throughout the range of motion of a 
joint. It is typically independent on movement velocity 
and is often described as "lead-pipe" rigidity; it persists 
as long as the stretch is maintained. The resistance to 
forced movement of the limb fluctuates in a jerky fashion 
and thus die rigidity may be regularly interrupted at a fre- 
quency of 5 to 6 Hz (cogwheel phenomenon). 

The rigidity may affect the limbs, trunk, neck and 
other group of muscles. For example the characteristic 
immobile mask-like face of PD patients results from rig- 
idity. PD rigidity differs from the rigidity of decerebra- 
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tion in that the force of resistance does not typically de- 
pend on the speed of displacement In some patients 
however, the resistance to stretch is inversely propor* 
tional to velocity, being greatest when movement is slow 
(DelwaideandGonce 1988). Both voluntary contraction 
and passive mobilization of the contralateral limb rein- 
force rigidity. Generally, reinforcement maneuvers are 
more affective if achieved by proximal rather than distal 
muscles and in a standing rather than a seated position 
(Delwaide and Gonce 1988). The latter observation in- 
dicates a role in rigidity of descending pathways, espe- 
cially of the vestibulospinal tract 

Physiologically the only undisputed fact is that a dor- 
sal root section reduces rigidity, evidencing that afferent 
input from joint, muscle, or cutaneous r«:eptors is a con- 
tributing factor. A stereotaxic lesion within the ventro- 
lateral nucleus of the thalanms, on the other hand, 
eliminates rigidity (Narabayashi 1985). Since the ven- 
trolateral nucleus of the thalamus receives pallidal affer- 
ent inputs, rigidity in PD is interpreted as dysfunction of 
pallidal neurons caused by dopamine deficiency within 
the striatum (Narabayashi 1985). 

Despite of a fact that there are well documented 
changes in la spinal intemeuron activity In PD (Day et 
al. 1981), most authors advocate a concept of an in- 
creased long-loop reflex to explain rigidity (Mordmer 
and Webster 1978, Evarts and Vaughn 1981 , Berardelli 
et al. 1983,1996, Dietz et al. 1988). The long-loop re- 
flexes arc commonly studied using limb or posture per- 
turbation experimental models. In response to a 
movement perturbation, a sequence of three EMG bursts 
(M1-M3) appears in the muscle activity (Tatton et al. 
1 975, for review see Dienner and Dichgans 1 986). The 
fjrsl of these corresponds to the stretch reflex (Lee and 
Tatton 1975) and is of normal amplitude in parkinso- 
nians. TheM2 burst involving supraspinal loop is signi- 
ficantly increased in PD rigidity. 

POSTURAL INSTABILITY AND 
ABNORMALITIES 

The parkinsohian posture is described in general as a 
^'stooped posture" (Knuttson 1972. Murray et al.-1978. 
Barbeau 1986, Andrews 1987, Koozekanani et al. 1987, 
Beckleyetal. 1991,Kitamurdetal. 1991). The neckand 
bead of PD patients are inclined forward. Their trunk is 
flexed forward and the dorsal spine shows kyphosis. The 
arms of parkinsonians are slightly abducted, the elbows 
are flexed and the hands are carried in front of the body 



with the fingers partially flexed. The hips and knees are . 
flexed, and the ankle dorsiflexion angle decreases as the 
disability increases which causes the PD patients to stand 
more on their tDes(Andrcws 1987, Sdiieppati and Nardone 
1991,Yekutiel 1993). 

An important point made by Martin ( 1 967) is that pos- 
tural changes do not result from muscular weakness. 
Dietz et al. (1981) extended this observation to gait. 
Moreover, Martin stressed that the deficit in postural ad- 
justment appears in the face of a dynamic perturbation 
such as tilt These observations have been confirmed in 
a study by Traub and coworkers ( 1 980). The postural im- 
pairment is not simply loss of planning or coordination, 
but rather a bias towards specific posture and gait (Calne 
etal. 1985). 

Postural instability is one of the most disabling fea- 
. tures of Parkinson's disease (Beckley et al. 1991 , Bloem 
1 992). Many factors contribute to balance impairment of 
Parkinson patients, including dismrbed postural reflexes 
and poor control of voluntary movement Additional fac- 
tors which place Parkinson patients at risk for falls are 
side-effects of medication (dyskinesias), gait abnor- 
malities, muscular weakness in leg muscles and super- 
imposed age-related changes such as reduced peripheral 
sensation. 

Anticipatory postural adjustments, and postural re- 
flexes are disturbed in Parkinson's disease (Traub et al. 
1980). Studies of anticipatory postural adjustments show 
that parkinsonians have difficulty simultaneously per- 
forming two separate motor programs (Benecke et al. 
1986), and they have also difficulty switching from one 
motor program to another (Benecke et al. 1 987). This has 
led researchers like Rogers et al. (1987) to beHeve that 
the basal ganglia may play a role in linking the prime 
mover and postural components in balance control. 

Andrews ( 1 987) claims that vestibular control of pos- 
ture is affected by damage to the basal ganglia. Since the 
proprioception from the neck is also impaired due to rig- 
idity, both deficits would result in the decline of the ver- 
tical perception which the basic element of postural 
control. Thus it may lead to postural abnormality and 
postural instability due to impaired control of the center 
of gravity (Calne et al. 1 985). . 

Results of studies of reflex postural responses are very 
controversial, but most agree that PD patients respond 
differentiy tiian controls. Some authors assume that pe- 
ripheral and spinal mechanisms such as muscle spindles 
(Burke et al. 1 977), and patterns of reciprocal inhibition 
(Obeso et al. 1985) function normally in PD subjects 
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amidst a higher level of background activity, suggesting 
that Parkinsonism is the result of hyperactivity in trans- 
cortical loops (Lakke et al. 1982, Delwaide 1985, Cody 
et al. 1 986). Although the patterns of muscle innervation 
are correct, their anticipatory adjustments (Calne et al. 
1985), and initiatory processes (Hallett et al. 1977) are 
impaired, with the prepared response falling short of 
what is required QMlcti and Khoshbin 1980). These 
authors have taken the position that spinal reflex activity 
in the muscles of PD patients is no different from those 
of normal tensed muscles, and that the problems most 
likely lie with transcortical loops. Delwaide et al. ( 1 993) 
suggest however, that at least two spinal mechanisms be- 
have abnormally in PD due to changes in the activity of 
descending spinal tracks. Increased excitability of Ta in- 
hibitory spinal intemeuron was associated with reduced, 
excitability of lb intemeuron suggesting that the changes 
are due to the same mechanism. The reticulospinal tract 
appears to be mostly responsible for these changes. 
TTiese changes may be seen in increased tendon jerks 
which are a feature of idiopathic parkinsonism. In most 
cases there is no coirelation of reflex score such as in the 
tendon jerk with the severity of PD or with its cardinal 
signs (Hanunerstad et al, 1994, Bufne and Lippold 
1996). However, in patients with asymmetric tendon 
jerks the side with the more active reflexes correlated 
with the side with greater parkioson signs. All these ab- 
normalities strongly contribute to postural instability in 
parkinsonians. 

Changes in PD postiiral control have been mostly re- 
ported in dynamic conditions. For example, in response 
to toe-up or toe-down platform tilts controls usually em- 
ploy an ankle strategy (a sequence of posture stabilizing 
movements that starts in the ankle joint) PD patients. 
ON-medication, use a combination of an ankle and a hip 
strategy (Beckley et al. 1991). In response to forward or. 
backward support surface translations, when controls 
would activate the muscles on the same side of the body 
as the direction of the perturbation, PD patients OFF- 
-medication will reciprocally activate muscles on both 
sides of the joint (Honik et al. 1 992). In response to such 
perturbation the gastrocnemius response is followed by 
significantly enhanced activation of the tibialis anterior 
(Dakof and Mendelsohn 1986). As a result, the angular 
rotation at the ankle joints is slower in PD than in normal 
subjects due to changes in intrinsic muscle stiffness. 
Similarly, healthy subjects while standing on a sinusoi- 
dally oscillating treadmill maintain equilibrium mainly 
by activating extensor muscles (Dietz el al. 1993). In 



contrast, PD patients use flexor activation for this pur- 
pose and they can not maintain balance with eyes closed. 
The timing and amplitude of programmed adjustments 
are inappropriate in PD and the reduced ability to acti- 
vate the leg extensors is proposed to be due to an impair- 
ment of extensor load receptor. 

A great number of electrophysiological studies have 
concerned the function of peripheral feedback in PD (for 
review see Dietz etal. 1988 and Beckley etal, 1991). The 
most evident finding of these studies is an enlargement 
of amplitude and duration of the medium (M2) loop mus- 
cular response (see Rigidity section) which, as suggested 
earlier, (Diener et al. 1983,1984) destabilizes upright 
posture. This increase significantiy correlates with se- 
verity of the disease.. Since the muscle spindle demon- 
strate normal alpha-gamma coactivation in PD, an 
increase of reflex gain at higher CNS sites has been pos- 
tulated (Burke et al. 1977). Controversy persists as to 
whether M2 changes are caused by cortical or spinal re- 
flex loop gain changes (Tatton et al. 1 984). 

Some patients with an akinetic Parkinson syndrome of 
the lower extremities and a poor response to L-DOPA have 
been described as having 'lower body Parkinsonism' 
(Trenkwalder et al. 1995). These patients are charac- 
terized by poor balance control which results in frequent 
falls. Normally it is not possible to differentiate lower 
body parkinsonism from standard PD patients in either 
static or dynamic posturographic tests. However, when 
lower body parkinsonism patients are placed on foam 
which results in both reduced somatosensory input as 
well as reduced stability they are not able to compensate 
for induced instability (Trenkwalder et al. 1995). 

AKINESIA AND BRADYKINESIA 

Akinesia and bradykinesia are two major functional 
impairments associated with Parkinson's disease (see 
Delwaide and Agnoli 1985 for review). Akinesia is 
defined as a lack or poverty of movement According to 
Narabayashi (1985), akinesia in parkinsonism can be 
divided into three different parts: (1) slowness and un- 
skillfulness of movement secondary to rigidity, (2) lack 
or poverty of mo vement even after complete abolition of 
rigidity and absence of muscular weakness, and (3) dif- 
ficulty in initiation of movement also known as '^freez- 
ing". These distinctions have been made based upon 
responsiveness to treatment. Stereotaxic thalamotomy 
within the ventrolateral nucleus of the thalamus has been 
shown to eliminate rigidity, and the first type of akinesia. 



Supplied by the British Library - The wrorld's knovyfedge" www.bl.uk 



Parkinson's disease 85 



The lack of movement, the second type of akinesia, is 
helped in the majority of cases by Levodopa. While 
"freezing", the third type of akinesia, remains one of the 
most debilitating aspects of PD, and can appear even 
after complete relief of all other symptoms of PD. Freez- 
ing has been shown to be made worse by L-Dopa but 
is inconsistently relieved by norepinephrine therapy 
(Narabayashi 1985). 

Akinesia is commonly attributed to globus pallidas 
disfuncdon. However, there is evidence that akinesia 
may also be caused by lesions of the supplementary 
motor area. Patients with such lesions share the same 
symptoms and signs as PD patients (Caligiuri et al. 
1992). The supplementary motor area represents the 
"centrdJ timing system". Impairment of this system re- 
sults not only in movement initiation delay but also in de- 
cline of movement synchronomy. 

One of the main manifestation of motor impairments 
in PD is a slowness of movement or bradykinesia 
(Draper and Johns 1964, Flowers 1976, Evarts et al. 
1981. Marsden 1985, Sheridab and Flowers 1990). In 
many cases movement velocity correlates well with the 
stage of the disease (Weinrich et al. 1988). An impair- 
ment of velocity control has often been associated with 
apparent deficits in the ability to increase muscle activ- 
ity. Some research has found that motor units are re- 
cruited at higher thresholds than normal in PD (Palmer 
et al. 1991), and once recruited motor units fire at lower 
firing rates than noimal (Delwaide 1985, Palmer et al. 
1991). 

Flowers (1976) has made several important observa- 
tions about PD bradykinesia. Short ballistic movements 
are accomplished with normal speed while larger move- 
ments are performed more slowly than normal. Normal 
subjects perform larger movements with faster velocity, 
thus the time of movement is kept constant In normal 
subjects the execution of single rapid one-joint move- 
ments is characterized by an electromyographic pattern 
composed of three discrete bursts of activity; two bursts 
(first and second agonist bursts) arepre.sent in the agonist 
muscle separated by an almost complete period of elec- 
trical silence (Berardeli et al, 1 996). During this pause, . 
another burst occurs in the antagonist muscle. If a rapid 
movement is executed during tonic activation of the 
agonist muscle, tonic activity is inhibitedjustprior to the 
first agonist burst onset (agonist inhibition). Similarly, if 
the raovementis performed during ionic activation of the 
antagonist muscle, such activity is also inhibited prior to 
first agonist burst onset (antagonist inhibition). An equi- 



valent of the kinematic features related to the EMG pat- 
tern described above is a symmetrical and unimodal vel- 
ocity profile that is bell-shaped and shows an 
acceleration time roughly equal to the deceleration time. 
This holds true for movements performed under low.ac- 
curacy constraints; as accuracy demands become stricter 
and stricter, the peak velocity decreases but, as long as the 
movement is made with one continuous trajectory, the vel- 
ocity profile remains roughly symmetrical. The timing and 
size of the bursts vary according to the speed and amplitude 
of the movement The origin of the EMG pattern is a cen- 
tral program, but afferent inputs can modulate the vol- 
untary activity. The basal ganglia have a role in scaling 
the size of first agonist burst, reinforcing the voluntary 
command and inhibiting inappropriate EMG activity. 
The cerebellum, on the other hand, seems to play a role 
in timing the voluntary bursts and probably in implement- 
ing muscle force phasically. In PD force generation is 
slower than nonhal (Kaneoke et al. 1989, Jordan et al. 
1992a, Stelmach et al. 1992) and additionally, there are 
dismrbed reciprocal relationships that cause isometric 
contractions delaying movement (Lelli et at 1991). 

The basal ganglia contribute to the planning of move- 
ments (Hallet and Khoshbin 1980). Specifically, normal 
people perform movements of large amplitude with fas- 
ter velocity while patients with PD have been shown to 
keep velocity the same for all movements (Draper and 
Johns 1964,Howers 1976,Hallettelal. 1977, Hallettand 
Khoshbin 1980, Evaits et al. 1981, Hallett 1985, Flash 
et al, 1992). Hallett and Khoshbin (1980) and BerardeUi 
et al. (1986) suggested that this is so because patients 
with PD do not increase the amount of muscular activity 
occurring in the first burst of muscle contraction that 
starts a fast movement In their experiments, the duration 
of the initial burst appeared to be normal, but its size was 
not adjusted with the distance requirements. Stelmach 
andPhillips (1991) and Jordan et al. (1992a) also found 
that rate of force generation in PD is slower than normal . 

Many mechanisms have been proposed for why PD pa- 
tients move slowly. One possible explanation is tiiat pa- 
tients with PD loose the ability to "nm" motor programs 
without conscious effort (Baibeau 1986). Other authors 
state that to maintain accuracy within acceptable limits, PD 
patients slow tfieir movement down to a level where they 
can integrate feedback to execute the movement or to flow 
smoothly from one motor program to the next (Barbeau 
1986, Beuter et al. 1992). Most of the studies on PD have 
clearly shown that parkinsonians are slower to react to an 
external stimulus (Bloxham et al. 1984). 
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Marteniuk and Athenes (1985) have suggested that, 
for normal subjects, simple arm movetnents such as ai- 
ming and reaching for a target object (Fitts-Uke task) are 
functionally related to the task demands. The control and 
organization of hand movements, in this case, is affected 
by the nature and the size of a target object. Specifically, 
the temporal location of the peak velocity (hence, the 
duration of acceleration and deceleration phases) oc- 
curred both relatively and absolutely earlier when the na- 
ture of the target object required greater terminal 
accuracy. Sanes (1985) reported results consistent with 
previous studies, that is, an increase in movement ampli- 
tude or a decrease in target width resulted in slower and 
less accurate movements for PD subjects. However, for 
movements with a low index of difficulty, PD subjects 
were as accurate and as fast as control subjects. Such re- 
sults suggest the possibility that the poorer performance 
of PD subjects in aiming tasks is not solely related to 
slow speed but might also be a result of the relative in- 
accuracy of movement termination. Therefore the speed 
deficit might not be totally accounted for by a structural 
deficit in the basal ganglia. The involuntary movements 
of PP, most notably dyskinesia and tremor, could be sig- 
nificant factore in poorer performance by patients rather 
than deficits in motor programming and information 
processing (Sanes 1985). 

PD patients have difficulty in initiating a motor plan 
but no difficulty in executing the plan once it has been 
initiated (Bloxhametal. 1984,Marsden 1985). Further, 
PD subjects are thought to be capable of adapting their 
motor plan to new or specific environmental circumstan- 
ces, as well as capable of learning a novel motor skill 
(Marsden 1985. Frith et al. 1986, Verschueren ct al. 
1 997). Some attempts have been made at examining the 
deficits in PD subjects when two motor prognums are ex- 
ecuted simultaneously with one limb (Benecke et al. 
1986), or with two limbs (Schwab et al. 1954, Cohen 
1970). The results obtained in these experiments have 
suggested to some authors that a major deficit of PD is 
an inability to execute concurrent or sequential actions 
(Schwab et al. 1954, Margolin and Wing 1 983, Marsden 
1985. Benecke et al. 1986, Rafal ct al. 1987, Lang et al. 
1990. Caligiuri et al. 1992). 

LOCOMOTION 

Two types of discoordination are manifested in par- 
kinsonian gait. One is velocity dependent and hence re- 
lated to bradykinesia which was discussed in the 



previous section. There arc also altered coordination 
patterns (Beutcr et al. 1992). The latter abnormalities 
include, beside the already mentioned postural de-. 
forraities, the characteristic shuffling gait with small 
steps and poverty of movements in the trunk and in the 
upper limbs (Knuttson 1972, Murray et al. 1978, Stem 
et al, 1983b, Forssberg et al. 1984, Nutt 1988, Kitamura 
et al. 1 99 1 , Weller et al. 1 992, Ueno et al. 1 993). During 
locomotion PD patients show maikedly reduced ranges 
of angular displacements in the hip and knee joints 
(Knuttson and Martensson 1986). When they move 
flexions and extensions appear in their normal sequen- 
ces within the gait cycle, though the stride cycle is 
longer. 

In the gait of parkinsonians, most of the normal EMG 
activation is well preserved expect that of the hip abduc- 
tors where the activation is delayed compared to the nor- 
mal pattern. The observed continuous muscle activity 
upon normal activation observed in PD can be regarded 
as equivalent to. rigidity (Knuttson and Martensson 
1986). Recently Gantchev et al. (1996) reported that co- 
ordination between the preparatory postural adjustment 
of the whole body and the actual stepping movement is 
impaired in PD. They showed that lengthening of the 
postural phase was a common deficit in all forward 
oriented movement tasks in parkinsonian patients. This 
is due to the impaired production of the requisite propul- 
sive forces providing the forward acceleration of the cen- 
ter of gravity. Consequently, a shortening of the first step 
length occurs. Although the stepping movement can be 
improved with the aid of sensoiy cues, the postural phase 
will always be prolonged whenever a task requiring pos- 
tural adjustmentis performed. Studies of the Bereitshaft- 
-spotential preceding movementhave confirmed thatPD 
subjects, in fact, exhibit an impairment of the preparation 
and assembly of the complex sequences of movement 
necessary to initiate gait (Vidailhet et al. 1993). 

(jait deficit in PD also results in lesser tolerance for 
changes in movement conditions. In studies in which the 
postural requirements were reduced by supported stance 
(Schieppati and Nardone 1 99 1 ) or by sitting (Horak et al. 
1992) PD patients showed difficulty adapting their 
motor programs to new conditions. Lesser tolerance to 
changed movement conditions was also observed in split 
belt treadmill locomotion (Dietz et al. 1995). While 
healthy subjects easily tolerated these walking condi- 
tions, parkinsonians usually reached the limits of their 
walking capabilities. These patients showed a restricted 
range of stride frequencies. 
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Shuffling gait is a gait with shorter steps and higher 
cadence. In short steps with little lifting of the foot from 
the floor, short regular contractions arc observed in the 
quadriceps brachii and tibialis anterior. Their antagon- 
ists show tonic discharges or small numbers of reciprocal 
potentials. Additionally, reciprocity of muscular con- 
tractions between tibialis anterior and triceps surac is not 
clear in PD gait {Yanagi§awa et al. 1991). 

Two type of rhythmic activities can be distinguished 
in the EMG of leg muscles: one results from locomotion 
and the second is characterized by rapid fluctuations. In 
shuffling gait» the ihythm of locomotion ranges between 
1 , 1- 1 .4 Hz, whereas normal subjects move with a slower 
cadence - below 1.1 Hz (Blin et al. 1990). In force plat- 
form recordings of the shuffle gait, the two characteristic 
peaks in the vertical reaction forces i.e., "weight accept- 
ance" and "toes push off* are missing (Hughes et al. 
1990, Yanagisawa et al. 1 991 ). 

Very interesting results were presented by Morris and 
coworkers (1994). They demonstrated that walking 
slows down dramatically when PD subjects were asked 
to performed a long gait sequence. The observed slowing 
of the gait was primarily due to an inability of parkinso- 
nians to generate steps of appropriate size. Thus, it seems 
that the fundamental deficit in gait hypokinesia might be 
in the regulation of stride length. At the same time the PD 
subjects showed no deficit in the regulation of cadence. 
The authors concluded that it is possible that cadence, 
regulation is not under basal ganglia influence whereas 
stride length control is mediated by the basal ganglia. 
They also suggest that the reduced stride in the parkin- 
sonians might be due to inadequate preparatory pro- 
cesses involving the interaction between supplementary 
motor area and the basal ganglia. 

MOTOR BLOCKS 

Freezing episodes and related phenomena (as a 
general term, motor blocks) are poorly understood, par- 
ticularly disabling, and a therapeutically frustrating 
problem in Parkinson's disease. Freezing and hastening 
phenomena are motor symptoms frequently observed in 
PD, even when rigidity and tremor are well controlled by 
L-Dopa treatment (Mestre et al. 1 992). 

Freezing gait is a unique gait disorder manifested by 
start hesitation, as if the feet were "glued" to the floor, 
and gait arrests, often accompanied by festination, insta- 
bility, and recurrent falls (Cooke et al. 1 978, Yanagisawa 
et al. 1991, Achiron et al. 1993, Atchison et al. 1993). 



Different authors used different terms to define this ab- 
normal gait: "lower body parkinsonism", "motor 
blocks", "apraxia of gait", "freezing in movement". 

An abrupt inability to initiate voluntary movement, 
especially walking, is probably the most distressing phe- 
nomenon. The state of complete immobility and help- 
lessness may last for seconds up to, occasionally, hours 
when the capacity for movement abruptly returns. At- 
tacks seem to be unrelated to the timing of individual 
levodopa treatment but do tend to occur when the patient 
is physically tired. Frequency and severity of attacks 
may show considerable diurnal fluctuations and are re- 
lated to the duration of the disease (Stern et al. 1980). It 
has been suggested that the increased sensitivity to visual 
stimulation and to modificatioa of the visual environ- 
ment can be an important factor leading to motor blocks 
(Mestre etal. 1992). 

Distractipn of attention can also result in freezing. 
This is the case in psychic stress and fatigue (Y ana^sawa 
el al. 1991). In a study of 990 PD patients (Giladi et al. 
1992), one third of them had motor blocks. Longer dis- 
ease duration, longer duration of L-Dopa treatment, and 
higher Hoehn and Yahr rating were associated with the 
presence of motor blocks. According to these authors the 
three motor tasks that are most affected by motor blocks 
are speech, hand writing, and gait. In gait most of the 
freezing episodes appear during gait initiation, turning, 
and while passing narrow spaces or doorways. Twenty 
three percent of patients had blocks on open runways. 
Eleven percent of parkinsonians had blocks in speech 
and hand writing. A total of 22% of these patients had 
blocks at a time when they were experiencing the maxi- 
mal beneficial effect fi^m L-Dopa. 

There are many maneuvers or tricks that are used to 
overcome theinunobility (Knuttson 1972). Luria (1932) 
described a patient who became completely immobile 
whenever he attempted to walk but who could easily run 
upstairs. "Frozen" patients may move when aloud verbal 
command is given or when an accompanying person 
steps forward (Lang et al. 1990). Martin (1967), in his 
discussion of gait and posture impairments in PD pa- 
tients, mentioned a potential benefit from using parallel 
line cues to overcome akinetic freezing. Generally, pe- 
riodic visual or auditory stimuli improve the difficulty in 
walking as they form a rhythm adequate to maintain 
repetitive movements (Richards et al. 1994). The kine- 
matic results of elderly control subjects showed that such 
visual cues cause longer stride lengths without signifi- 
cantly altering the stride duration or cadence. Auditory 
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cues on the other hand induce a faster cadence and a 
longer stride length. The results in the PD patients (OFF 
L-Dopa) showed that visual cues induce a longer stride 
length and a longer stride duration. Auditory cues caused 
shorter stride duration and a longex stride length. Ri- 
chards et al. ( 1 994) concluded that visual cues may exert 
their effect on spatial elements of movement (e.g., limb 
movement amplitude) and auditory cues act more on 
centrally controlled variables such as stride length and 
cadence. This also suggests that the motor program in 
PD is preserved and the problem is to access it or trans- 
form it into an action. 

Motor blocks can be observed in the execution of 
many different motor programs involving different body 
segments, Narabayashi and Nakamura (1985) studied 
finger tapping in 123 parkinsonians. Seventy-two per- 
cent of their subjects could not make 50 to 1 00 taps above 
2.5 Hz. The authors related the festination they observed 
to disturbances in rhythm formation due to nore- 
pinephrine deficiency in the central nervous system 
(Narabayashi and Nakamura 1985). 

SENSORY SYMPTOMS 

Although sensory symptoms were not originally de- 
scribed in Parkinson's disease, in recent years it has been 
increasingly recognized that painful sensations and pa- 
resthesias occur in approximately 40% of patients 
(Shulman el al. 1996). PD patients often describe a sen- 
sation of Internal tremor, a feeling of tremor inside the 
chest, abdomen, arms, or legs that cannot be seen. The 
frequency of other sensory symptoms (aching, tingling^ 
burning) was higher in the PD patients with internal tre- 
mor (73%) than in those without (45%), Internal tremor 
is associated with anxiety which can also affect motor 
performance. 

CONCLUDING REMARKS 

Significant progress in the understanding of PD symp- 
toms has been made in the recent years. However, many 
unresolved problems still remain. For example move- 
ment impairments as observed in parkinsonism could be 
also due to perceptual, predictivci executional, or motor 
sequencing deficits (Cassel et al, 1973, Cooke et al. 
i978.Sharpeetal. 1983. Stem etal. 1983b,Bloxhamet 
al. 1984). Hence it has been difficult to infer, without am- 
biguity, either the specific process(es) involved in an im- 
pairment, or its pathophysiological correlates. Therefore,* 



it is naive to suggest that motor deficits associated with 
PD subjects are localized purely in the basal ganglia. The 
basal ganglia mediate between higher and lower brain 
structures, receiving, for example, inputs from cortical 
areas and the substantia nigra, and innervating thalamic 
and midbrain nuclei (DeLong et al. 1983, Tatton et al. 
1984), Given these mterconnections and the distributed 
nature of the neural processes, consideration must be 
given to the inputs the basal ganglia relay, how they pro- 
cess these inputs, and what structures are modulated by 
their outputs. Thus it is necessary to consider the neural 
flow of activity during movement production from cor- 
tex, to basal ganglia and down to muscles. Does each 
structure deal with its inputs adequately, and how long 
does it require to do so? Any consideration of structural 
impairment requires an assessment of motor function- 
ing, and so the functional correlates of movement pro- 
duction should be documented. Cognitive neuroscience 
faces the task of supplementing the neurophysiological 
data base with detailed descriptions of how and when a 
structural deficit is causing an impairment of function. 
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New Directions in the Drug Treatment 
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X) SymplomaticTreoim^nr 

3 2 NBuiopfOlBCtWd snatefli©^ 

3.3 prev«riitonQndEarVDkagnoii> 

A. ConduJions 



I « I * ' 





,.. w 
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. . 171 
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... 180 

■.■.■..■.■.■.■.■.•■.■.'••"••••••"^ 



I Summdiy 



sia. retting ttemor, "K?^ 

disease. »ewaJ nncrginfi wateaJw "^Sae Ktcu <»T ^vodopt. (e-g. 
Blow^lcBse I^'»"'>''^f iS^iW 'tahlan, to dopamin- 



Pajklnson's (PP). one of flw commooMt 

defiwd »s a clitiical syndiome with 4 cardinal 
fcawes: bradyldncsi« (MoWB«s J«d pova^ °[ 
mdvemei.t); resting vem«r. ^-S'^^' 
malWcs of pos wre and gaii. Since tho discovery of 
*l bencfidal effect, of lcvodop« 35 ycers Bgo. 
few areas 'm phRrmacology and medicine have 
stttpassed PD in terms of progtcsa in' our under- 



smnding of «be mochanisma Involved and .o drug 
Zm^L mor .dvaueea in ihe P^^^^^f ^^jj 

ttcaltneot of PD. and especially 
Sodopa.have»arkedly.educed«>oA,duyu^d 

an: an «waple of the wi«mpW raUonai phw^^^^ 
cology. This article reviews some recenmpectK of 
PD. including advance, in dmg research and a d, - 
cussionoffoiure«iraicgiesfor.hetreata«n.of.h.s 

dlSOlLSC. 
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Earfysovam wtomrivte Wrt^emwfl 

Stop' 3, Sgpportivo pr«»poc*lw P"««» ^ 

((Bponna C^M CK») » lavotfopa 

Uvodopa tor Syear* w RWHO 

nrufTfift Bi 10 years orffloig 



rh-rMHaA6-<^a >^<wW*^"- 



1. pomophyslology 



The main h^MmDrU of PD is 
«,^™gsrncUXon ceU bodie, in ihc zona comp8«a 



lilthouEb symptom* «n«fi""*y*""' ^ ■ 

•^ffiJ, iLS^«^iumb««. limbic and/or com- 
spmal corf, IW 7„7;rpJ^ For wamplc *c 

biw moposed ihM the noradrenasc defect 
. Sly S^tSe -(^."i-B' phenomena thai occur 

Observed lo *e im»nncdiolatend 

ceSmn 0^ bypothalao», «d the nuc^^^^^^^^^^ 
■ g05dots«lUmaybeinvolvedinABa«ononUcdg 

Fwclion observed in soine P»'»«?«,''f /jL^. ^ 
anjus. leading to reduced inhibtory mpul » me 
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Itanior ■ 
sensory itdiuiti^nBB 

Hydniwphsiiiis ^ftontjai ena Won powum) 



HaBafvcii<ton*p4ttd»fl» 

twii»u partlnsonJsmrdamBnto rnr^^e^ 



of this article. Howeverrin clinical pww*. 

t f.m qw'tiotts concerns the idiopaA.c nan>« 

rfihrdiiase and Itstwponscio Icvodop*. Infoci. 

V- «™««5e «liiHio»t»c coieria. Indeed, as m Alt- 

ofSoprthicPDcanbernadeonlyaiptBi-moriem. 
wiA the detacdon of Lewy bodies. BwmW 
SoVhavc identified some crit«.a Aat B« help- 
fol In the dlagoosls of PD liable D.'« 

s" ™p««rof PD can also be i^ocIb^w;* 

ti^dwressJon. autonomic dyrfiinolon and «tebrll« 

usually diffcrendaie bctweao P'^J^^''"^ 
PD sKofldaiy paridnsonlsm and muluple systwn 

OD lecenl aflvarCCS in Wlopatluc PD. 

3. Emerging New Strategies 
and New DiuflS 

The diacoveiy of dopajwtie «nnmal loss in the 
striaL iad obsetvaUoo that the «J°- 
SterniinBl. lenirio foUy acOve have led lo 

PD. 1teatm«it is aitncd at ratoriag *f .^^^^-^ 
n°i«sn««e, balance, eiU,«r by: "^'""^^ 
aceiylehoKne otrtput ^itb anlinmscaniuc dwgs. or 

: iupplementtton with levodopu and/or dopanune 

Sowed lesearcbBtB lo chanciense swne cdlulv 
SaiS. »f neuronal death i^J^/^S^; 
Biert TbUB. Interest to new ihewpeutic stratcsjes 
SJSiTSeSSnoiody for new drogs b»i al«> 
for effective prcvatilive BlroiegieS. 



3.1 syniptomaticTreatmarrt 



1 



eoxtex. Glutaniate Is believed to be tte ^'^^^^ 
^mincr bew«cn the ''"bthalanOc «ucl«5 *nd 
^substantia nigra, a^ b«wecn *e .ubsiznaa 
nfgrewidtbft*alBinus.W 

2. Diagnosis 

Before eowWeritg recent ««ivan«s jP 
ttTnDfu^SagnosUofPDUbeyondtbescopc 

"^^"^Tu^^M by The British Ubrary- "The wcH^s icno^edga- 



I„ most patients with PD, the inidal therapeutic 
sul%levodopa«»bmedby^de«^^^ 
of motor aitd men»l '^""^ effects after a lew 
yeSuoaune«»i.W Because of |he bnuuUo^o 
J^gdopa ibeppy. the pham»colog.cal neaiment 
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tAoiiimiiutad 




ctPDh«bcenexpBnd«Jtoi.con.orBte4diff«*»i 

"^L^^Sm weai to be primarily 
that weanng-off '^P^'l^^i^c pj,aiis« 

2SS^l«i^loncouldbc«sdul«>pr- 
r^^^t Uplicadom. such « wemBg-ulT 



Lovorfopta «Jup«. effects, levodopa 

pmtKO 5dd system).""' J*** '^7" .cure after 

I'ibn with a per tpn^*"^ This rwJuceii 



of s peiipheral dopa with Levodopa 

siaU mnst of ihcm 5^\**'"5i.'aJ Benefit usMoHy 

ADOiber option i!» ™ .„i^^^trtt' 'Madopar 

raS'TfcaZu»d-«l««e tablet wUh levodopa 
1,1 K««I«2lde 23xng. When w contact 

I tlSlSId'JJi while 'he a-s^c foj 

dueeattcuuat^pe^V^-^^^^^^ 

;S tiolvXtuS). This indices 
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1 » 

t 



etal psychostimulBW propetnes. wni«. 



dally 4i»e> » rupecially » *» 



1 
1 



^em OT biaiB using .^^„_=on ot peicawne- 



drugs such W-itmprw™" ^ benatropine 

The B rwm. """n'y 'Jf JLadaiion of 

dosa&e< CSIO "TB/d^l. ^ of tht 

selecUve «nhttawr ^MAj B^^q 



release ^^^jSvasStS adverse effecu 

nine symtow mi '™™' , EJ^i^aiiinc Bid 
w.n«iJ.yi-D-B»«~» taws 

or .m»»*n. on V«d»B"«» » «,.^,»«..» 
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effectt do not y '^^"^ tobTioeffecUve 
in some P«i«» °'^l^S67J«tl»uW-rhe 
puwiive neuropfoiecttvt enw 

Uoncd ih. BaftTy of JJ* *«B ^J. „ 
U« rtudy deslgiwd u) ^7,Sodopa pl^.. 
levodcpa, bjP^cjnpnn. ^ ^^P,^^^, 

wymortaUiy J"^'" J^S- compare- 

lead to s^^aHBo »« .--j^ouBness, sell' 
This JnWacOou .s ^tlTu rfluoxatlne) 



I 



atiftg itt motor f f*^"" ' ^^""^ 

^etbyldopa. »!il'SeinusiiMl mucosa 
Wppa i^P^J^JdS^; barrier. COMT 

but they do V^^'^^ '^S^Ji o( levodopa. and ' 

duration of ij.* ^^g^ be ««f»l « 
forthUteaBOD COMT t^ww«^^ .^^j^j^ 

. For exampJe, , of levodepa should 



gf w»tme«compltaattons.Ttt^i ^.^^ 

hypothesis ttot Pf*-^?S&tt»tri^^ 
effects canbeexplalnedby ^ Sec- 

• ondly.ithasbc«^obs«vedtotf^ 
vafionofdopanunc.ecap»";^J^ (^hicb 
fusion of »^-t"P* " P»^'"5le 
causes fewer ^efPS^ic^rconoteTecW some m»; 

W flueuiaUons «JSS2*,Ta«ulotlon could be 
Continuous O'P'^S^Uslot. of Jevodopo or 

achieved W V^SS.t^^^B-"*^ ^ P''^'"'^' 
BpomotpWnc ^^*''P'S?cour».forevid6ntTea$oI«s, 
^e8tedPDFaUe«5^Wco.»«i^^ 
such BpoJBibnity cannot be iBvwufi- 
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Thfi Boal of eonlinuou* dopnaiw sUmnlatoon 
,nlw iSfy from a ibeote«loal point 0 view. 

' .s,«Vi« Hianv PD patlentt . ^wcresiUBB turned to «e 
p!cepwn^ DopamiM agoiUsls iticlode arfcot denv- 

dn>e>- 



irrdlrecdy on postsyn»ptlo dopa»^ne P. 
«JrfiBrl>, receptor*. The primary target of dopa- 

5S?B8 appear to be v.,y «imOar io ten.» of tl.e>r 

'="S??So).8icai profile »«l8^r^" 
Ae««dcaladvau«g«of these dn»gs over l^pa. 



le«Aoxytaseenzynieforeo«vemo»into^^ 
♦^^fflintr (lUiin contrast lolewodopa.wl»ch>«io» 
SSdopa^. they do nor produce loM. 

o^ S»P«»i« eduction orthe levodop. 

'"Sic agonists also have aomc clcar^sad- 
v„4'TovetUvpdopa: (i) they are ^J^^ 
in feLing parktosonian symptotns; (m) ^pK^ 
duTlSeie effects (orthosiadc hypoten«on va- 
S8SSn,Umboederna.tetroperitone8lf»bro. 

'To*^^ agonists at* «.taliy wed in co^ 
„«SwUh le^odopa when late adverse effecte 
v^wring-ofT effects, or whan the 

J'Sed a, monStharnpy in .oma pat.™t, «,d 
^»«i«iiiv hieh dosages can be used as ininaj 
«5^lHot«rieLreff^oljende^ 

Scrlw 3 year».H«1 Another possibJily 

S?o S«iy. Which is k^own to «if y *fo«;^ 

S levodopTlndttced ]ata adverse effects Jabnw- 

w««ncB'i.t*M«> At present, the betl therapeutic 
?Z?y(le.ear»y5"'v5iatet*«' combination wub 

rSa) a3*e place of d»ese drtMJS cornpared 
S^S^&Zh« selegiline 



aEementof patients with TO i» one of tte be« « 
J^oftl^valUBof^olddrugs^-o^-^^^^^ 
rwcoloey. Aponiorphuja IS die fflos^^^ 
dopamioe agonist aow a^> Bllable. aeuns m eo ^ 

rSSiTSSbinaioa lr««.;iftt «r« '"""^ "^^"^ 
J l-iaeeoinbii««(>nin»i™«n«jM^ 



11 
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m lis lonE-ienn oral vitha been 

idnftonto tremor. iHif^rttans of apomor- 

payphiotnc reactions scciu I „ y^iy dudilwi 

iletive v»^"e differ^.- 
tial diagnosis of IdiDpathJc PD P" 

syndrojnw* ^omnir into d«marive 

adnuntaier apomorpbuiB uy sup- 

under «»«;r''*''nv ^ii a lon^ r^i-^ ^^4 
^hlch iB n po«ni D, *S^?ibBl is under 



B„d could be ttBed alone i« jpe6*c»qr 

It will be necessary ta ^^^^^ ^L^ ^. 
logical profile ofeXUtmg aji J^^^^^ JTar 



claBlficsdon of -the 5 ^'^''^^j ^ifferenl ' 
reeeplDt »^ »VP«;^^"'i,"^c«t in significant 

!;^..*.»'^^^ij.t.°;„ «... 

^pUlnUion such Uj.t^=«^^^^^^ , 

me^hy^4.pb6ny^l.2.3.6 leua y , 

(MPTP>-ueMed pnmaies. 

inprrvloyaiyunirewedpaucj^^^ ,| 

^vS^ goLd syn.pton.atic coWiol || 
ceptor could ptovjoe gu / r ^jvoncBd « 

PD.l»^' ClinlcaJ SUJd)CS arc oecoeo lo j i 

however. X 

AS di«:uss*d «^„^J;;S^S,gieW | 
biocheimcalchnngeslnnon 0^ V.ih PD. Thus, g 
huve t>a«. d«cnb»d ^ P'^^^* ^ ,c«ro- | 
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U) f.«l -vidwce f M an adjuvant *»f ^^J'J" 
or effectt on partdnsoaita symptom-H Jh.t do «ot re- 
spond wbU to levodopa (eg. gali clwonJcrs (f«^_*- 
ins), postural instability, dysanhni:. copjiuve dis. 

" CoLtive diBDTdws iJJ parkinwnlftii patients 
probably result from mtiUlpU alisroHons in nauio- 

BdrenaliDB, wiylcholina or even popUdo trunsmit. 
teis. Tho manlpaJwion of these neorotiansniitUMS 
has not lesoUed In any obsetvable Unprovemenl of 

lo^m pracunor 5J,ydnKytryi«tophan (S-JTP) and 
Gen>tonlD raaptakBinbibiion (c.s. n«>«'*7^^^^" 
been shown lo provide a mild aniideprcsjant ef- 
fecTin patienu with PDJ«>Tbe ravo«r^« 
of progabiife a raminobutyiic acid agoniBt. aug- 
, Ecsiad by Bnriholtai « al.'»'» has not be«. wn- 
firtned by oihers.l*" Naltrexone, an optiiic ant«BO- 

• Swos found to ba ineffective Id PD in patients 

with and widiouldyHdnedas,!'" 

• Morelnieiastingisthecfiscnssloaortlieclinieal 

conalation between central ^''^'^^^^^ 
' don atid ?D, This conld oxploln ihc occwienca of 
. depreision.d6»atia.inoiorblod«(fteB™8)J'i 
orSostatlc bypotanilon in patients mtb PD. For 
example, Japanese aulbors have reported tbtt 
. dro«idopa(dihydioxyphe«ylserinKijjthi^^ 
■ can improve Irceiiog ph6nomena.lM' althouBb 
this banefwlal effect was not conRrmed by oOim. 
Since droxidopa is an iramediaw precwsw of nor- 

' * tension often ob«cjved in patients wrth 

1, was Trendy sufigesied Ibat noradrenaline 
„,ay pluy a ncDioprotecdve role in PD.«»>J since te- 
rions nf .he locus coen.le»« by (Khydtoxydopanuce 
in MrrP^deated monVcya are associated with a 
mote marited dopamine depletion "id BJea^wS"*^ 
standa t«8« cell loss compared with nonJ«»'^^ 
control».lW The lona cocmlcus may have a pro- 
twdve effect on nigral top^mincrglc «jtr««^ 
Shtce It U Vnown that a, adrcnoccptora Inhibi Jc 
2au of dopamine fiom the caodaia ngcJens.!"' 
i, conid be suggesiedthat ai adrenoceptor ontago- 
fliiB could cjien beneficial (neoroprotecuve and/ 



oisymptomeUO^ffectt in PD. PielimJonry twidics 

m eneotiraBi»«»'« bot unequivocal evidence is 

still awaited, . 

Recent phyrtolopcal slndies have tfemonstTateo 
the itnportance of ewtatoiy amino acids, partcu- 
larly fllnramate, In the basal ganglia. For ewmjila, 
the«cea«v6 0ti^olftW»thesublhalft»nJctiucleu5 

w die internal paJlldal segment, and to »be 
oart of the substantia nigra, that occurs in PD « 
mediated by gloiamaie.!*! AnUi»fll studies have 
shown that NMDA receptor antagonists potentjato 
die effects of tovodopa and can proieci the sub- 
8tanda nigra from MPTP-ioduced nettrotonicity in 
nts. inlection of the NMDA receptor antagoinst 
djaodlplne (MK 801) within the medial pallidurn 
reverses paiiansonian symptoms in MirrP-'r«>»° 

monkeys."^' , ' , . . 

The mechanism of acdon remnlns unclear, but u 
has been suggested that blockade of NMDA r«ep- 
lots faciUwtes dopamine action by P«7»''»8 
riotamaie-indpced dephosphoiylauon ofDAW*'- 
32, a dopamine- and cyclic adenosine oioijo- 
phosphate <cAl^)-regnlaied phospboprotettt" ^ 
y te some experimental evWence ^^JT^ 
«e Jim iaeldns because the few choical studies 
thathave bean conducted widi MMDAreceptor an- 
ta-onistt have failed to demonstrate any favour- 
abireffact in padents with PD.1»^" Further stud- 
ies with new drugs art needed. 

A freqorotly observed long-renn complicetiwi 
of treatment with Uvodopa in patienls with ad- 
vanced PD Is the occunence of mental distur- 
bances - hallu.:mufion», vWld dreams, paranoid 
ideation and delirium. These P^'^hi'^^.f^^P; 
toms reflect the consequences of dopaamarg^ 
stimulation on an underlying degenetallvc neu^ 
paUiologicai process. They can be improved by re- 
dudne die icvodopn (and/or dopamine agunUO 
dosage o7byaddi«B'a«dpsyehoac,,ald»oughthes^ 

invariaWy worsen d>e parkinsonian symptorna. 
ToSln. is an atypical onUpsycJoUc devd- 
opi more than 30 years ago. which was withr 
dmwn eom clinical «a because of hs ability to 
cause bono marrow suppression. ^J^c^ 
reinvesllgation ii« die management of psychosis 
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vent ef&cu ^Spwia (whic^ 

3 2 Neuroptoiecfwe Sttotegles 

biochemical ^^''^"^i^l:" T^^^^^ 

Tte discovery ^^^J.'^'^^j^ led » ibe 

pounds. ' ^ ' — 



4 



feeu of plac<*o '"f 'J^^X, ,nu*im analysis re- J 
of disabniiy u» etfly TO. An . ^5^^. odr ' 

„ponsbowedU««*^««n^'''^ ^.^^^ 
^'^^ l^i^Zt 3tl HUoJ, and siBoifl. 

dents worsened rfWrcca™*- 

clinical a»d Pha«nawlo6»c.Mue«o^^ 
meAodologlc^ point -^'^^^^^fJi «BriBB 

(5 to lOy«'»«>SS"o7Son (anlidcp«:ssani. 
The SINOEPAR 4 „cai- 
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P«fkbvKin'« DbeMeKeW Mrt'cHonS 



i i 



jartkpitei *^ wfth pemitesion) — 
inhtbiui tt<!tl»to» of MPTP tp MPP* 

tncreasDG «irfaui phe*TylBi>»/*wn^ icveU 
ncli^W9 dopambw recepvin 

NBiifonafpjoArPUoii 

isopvnkui and p<tfym««»BdDn of iJapairtnwiwbmJn 
CampBftpffle* for to or taipflHterlwod tnrfhte 
EnhsTcea oBoi oc^B&^n 

Up.(ft9uist&a CNF gcw o«« jskw Jo Mfogtel eel cuwpb 




* 



\ This study included a 7-weelc wash-out penod of 
. 5efegilin&ii>welod6iisyinp»Baiic«ffeet.MoKjf 

' dsteriomtion was more pronounced in the 2 pla- 
. cebo gtBups. suggtsling thai selegiline can dttay 
ihe proinesswn ofslgns and sj^mptoms via a mech- 
■ BiriBm that « not readily BccoOTtedforby itedymp- 

. toniadce&cts.t*'" 

The second irialt"U8 n long-tarta, controlled 
' study being perforewd io Rnland. comparing tho 
ssed for levodopfl to previously untreated paUcnts 
given placebo or aelegUlne for 4 yaars. U showed 
(hat the Uvodopa dosage WB» 58% lugher in the 
placebo group than io the seleelllne group, with 
a lower dally kvodopa intake and and-oMose 
delerioratiDn th ifcc lallar.l"J 

TWs srady weds to be completed, and tuither 
trials are reqoirtd to better drftae the respecUve ndes 
ofttiegiline and other drogs (e.g. dopamine agonats) 



ibat can be used as fitst-liae trBuimeni.in the early 

roanagcntentpfPO- , ^ 

Other studies havt failed to find evidence for a 
neUToproUScUve effect of seteBllinc. For example. 
Braniu» and Yahrl«« eonpared 2 groups of PD pa- 
tlaots. the first ttoaiBtl with ICYOdopa alone and the 
second treated taitially with selegiline and dieo 
BubsaqaenUy started on lavodopn therapy on an m- 
needed basil. For a similar bTmptomatic effect, me 
sole diffeiCTce after 3 to S yews o[ trcaimcnl was 
thai paUenls in the selegiline plus levodopo group 
received lesi levedopa than patient* who received 
motioiherapy."" 

Tha DATATOP tttidyl"* also Inwasllgaled tUe 
efTeci of tocopharol (vitamin B), which traps free • 
radicals, in patients wift PD. The study ailed lo 
show any beneficial effect of iflcophcrel or any 
Inieraclioo between sclegHlne and lacopberol.' 

Recent llienMUre also dUcusses Ibe putattve 
neuwrotecUve acuons of dopatnine afiomB{s,P" 
PerEOllde. like BeJ^line, elcvntes superoxide dls- 
mutase acUvily in the brain, decreases hydrogen 
peroxide fonnotion from dopamine and preserves 
nigral cells in aging rala.f"-'" Bromocriptine, apo- 
morphine and other agonlstt also scavenge free 
ladicals and have antioxWaW activity, in wntrast 
with the piamW pro-oxldant won* of levo- 
dopa-PW However, ihese Riudies are only in v,/» 
wpeiimenla. and die clinical consequences of such 
ptopenies romain to be determined. 



Alloetlng firain Iton 

Tha dcmoniireiion that Iron, which accumu- 
lates in the BubitantianlgralnpatieMs «'ii»>TY''?"l 
exett direct toxle effects on nigral neurons led to 
0,6 search for new phannacolOElcal approaches. 
■n,ese approaches anK Wraducing the entry of iroa 
into the biain; (fi) incrensiog the nontoxie storage 
of iron; PU) removing (chelating) accumuiaied Iron, 
and Ov) a combination «f these Interventions i « 
No eUolcal data using such therapeutic suategies 
have yet been published. 
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BDHP 
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^ involved nlEfd ceM deaA '^Pj^'^p.^^^ ^lO- 

subB.i«««. i;" 5 5^2edb«mtion5Ud . several 
P450 m^^^'^^Zi it» evolution of a« 

disewe could be PjJ^'^t i^cj^s ow«n" 
v.Wcn were xeoenily ^ bloctesrs. 

MAO inMWtOB, dopBinino wmspcaw 



of tfopanww „ 



3.3PraventtonandEoflyDlosnosls 



toxins taowi. u> - r^Bt fr^iuenlly 

«^sm. UiS often d^'JJ^SSum. 

'^''"rri SuS pilnsoDinm could l«d;<» 

BBse.Fore»8i«P«' " . ^j^^ I fn v»»ro 
1dolimdcWotp«oBm«J^"h*rt^^^^ 

U wciold oUo be aev«ntagoe«» « "^^^^ ^^^^ 
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Do^mind receptor 

OopamInBt«eep(Of 
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oepQniPin& locator 
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Rbv u/^oty to M&Ko 0\l6 otal 
Hot win* imipreirtne itert««wB 



d, Conclusions 

Ke« SBotflgles for Improving fte t*e«moil of 
PD are cunently nudtt developrnwa. These u>- 
dude dnies ocUng o» Ihe classical phannBCologi- 
eal largel In PD (il» nigrosiriBWl doparnme Jyj- 
kbO: canwIlBd-releBSBPTcparaUoni pf levodop^ 

COMT ioWbltora wid Dsw "^oP"^" "J 
wcUaBnewro«.rsof»dmiiustraaonafeBu41«^^ 

dopomincqiic drugs. Asecond goal » «^«; 
mat improve or correci symptoim rcosmnt to Icvo- 
d^pa^py.««clia.bee^ng.falU«ndorthom^ 
h^«nrion.Tbi.dly.tomjorchdltnBere^ 
2Sdauuei»uropjoieciiycdniB.narderlorT»tarf 

or piwem free radical dnniBge. 

Finally, the managemcnl of PD mu$l B.m lo 
Jnraln « cqmUbrim beiween 
conttol of extnvyrafflidalsymptoms "J^ **long. 

term cfTBcu of l«»odop» 

most exclfing challcDges in Ac fuiure phamwa*- 



lOBicri approach W PD may lead to: (0 ite dBvel- 
oprauit of effecdvo mtipandiuonlan dnigs ihnldo 
DOt wilWt the long-teno adverse effects ewod- 
ansd vJthlcvodopa(«hnormBJ movamcnu, nociu- 
adoot m peiforiiianee, psychosis); and (ii) 4^ in- 
troducdon of true •afltidysklwUc* aganis that do 
DOt aggravate extrapyramidal symptoms, 2t t$ die 
case with cuneaily available antipsycboucs. 

These points wadcrline the need for new. cfiec- 
wve drugs and new cUnleal methodologies for drug 

cvalualioo. irt addidoit to well-performed long- 
tann pTUtttnacoepidennoloBlcd uials to «s. t1>«^^^^ 
merous hypod.eses raised by the growmg Held of 
basic neuroseience. 
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